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Annual  Report  of  the  Geological  Survey  of  India,  and  of  the 
Geological  Museum,  Calcutta,  for  the  year  1886. 

For  the  past  three  field  seasons  Mr.  Foote  has  had  the  Madras  Presidency  all 

to  himself.  This  came  about  in  the  course  of  a  perfectly 
l^r!^Foote]^  natural  selection  in  the  distribution  of  a  limited  staff  accord- 
ing to  the  urgency  of  demand,  whether  practical  or  scientific. 
In  the  early  days  of  the  Survey  the  whole  staff  was  for  several  successive  years 
engaged  upon  the  coal-fields,  and  ever  since  continuously  several  geologists  have 
been  so  engaged,  but  Madras  is  not  favoured  in  that  line,  the  Gondwdna  coal- 
measures  being  only  found  in  a  part  of  the  Godavari  district.  For  other  reasons, 
however,  Madras  very  early  received  our  best  attention.  In  taking  up  a  new  country 
the  rational  method  of  geological  enquiry  was  to  get  hold  of  such  formations  as 
offered,  through  their  fossils,  the  means  of  establishing  correlations  with  known 
rocks,  and  from  those  fixed  horizons  to  obtain  indications  as  to  the  ages  of  contigu- 
ous deposits.  In  this  way  the  best  part  of  the  Survey  staff  were,  at  the  beginning,  for 
several  years  engaged  in  Madras;  and  the  proportion  was  fairly  kept  up  until 
nothing  was  left  but  the  immense  residuum  of  fundamental  gneiss  and  the  oldest 
schists  that  locally  accompany  it ;  while  other  parts  of  India  offered  more  promis- 
ing fields  of  research  for  the  final  solution  of  the  total  complex  of  formations  in 
Peninsular  India.  This  accounts  satisfactorily  for  Mr.  Foote's  recent  isolation ;  but  the 
local  authorities  only  recognised  the  isolation,  and  remonstrated  against  it,  so  it  has 
been  decided  to  add  Mr.  Fedden  to  the  Madras  party  of  the  Survey.  Before  going 
on  furlough,  Mr.  Fedden  had  finished  his  survey  of  Kathiawar,  and  I  had  intended 
him  to  take  up  new  ground  in  the  Rewa  Kanta  districts  of  Guzerat,  but  he  has  now 
begun  work  on  the  gneissic  rocks  of  Vizagapatam.  Results  are  very  slowly  ac- 
quired in  rocks  that  are  so  obscure  and  so  extended.  Mr.  Foote  during  last  season 
mapped  a  considerable  area  in  extension  of  his  previous  work  in  Bellary,  both  of 
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gneiss  and  of  his  Dharwar  schistose  series.  He  suggests  a  probable  correspondence 
of  a  large  part  of  the  gneiss  with  that  of  Bundelkhand,  long  ago  distinguished  as 
older  than  the  prevailing  gneiss  of  Bengal.  It  was  then  also  shown  that  the  gneiss 
east  of  Chaibassa,  in  Singhbhum,  is  probably  of  the  same  age  as  that  of  Bundel- 
khand  (Manual,  p.  21). 

Mr.  Foote  resumed  his  survey  in  Bellary  at  the  beginning  of  the  current  season, 
but  he  has  since  been  deputed  to  report  on  some  gold-fields  in  Mysore,  at  the  soli- 
citation of  the  local  authorities.  Although  these  interruptions  to  our  regular  work 
are  somewhat  perplexing,  it  is  right  that  the  best  knowledge  and  experience  should 
be  made  available  for  the  furtherance  of  practical  objects. 

We  have  now  published  in  admirable  form  by  Mr.  Lydekker  in  the  Palseontologia 

Indica  the  detailed  description  of  the  fauna  of  the  Karnul 
caves,  discovered  and  so  carefully  explored  by  Mr.  Foote 
and  his  son,  Lieutenant  H.  Foote,  R.A.  If  the  results  were  disappointing  in  respect 
of  what  was  most  hoped  for — prehistoric  human  relics  (though  upon  this  point  I  believe 
Mr.  Foote  has  still  a  word  to  say  regarding  certain  cut  bones) — the  general  results  are 
of  considerable  interest.  As  to  the  age  of  the  fauna,  Mr.  Lydekker  remarks : — "  The 
comparatively  large  number  of  species  either  totally  extinct,  or  which  are  not  now 
found  living  in  India,  renders  it  probable  that  the  age  of  a  considerable  part  of  the 
Karnul  cave  deposits  is  not  newer  than  pleistocene ;  and  the  fauna,  as  being  almost 
certainly  more  recent  than  that  of  the  Narbada  beds,  may  be  provisionally  assigned 
to  the  later  part  of  that  period."  The  numerous  affinities  with  African  types  is  a 
feature  previously  noted  regarding  the  Tertiary  (Siwalik)  fauna  of  India. 

Dr.  King's  regular  work  in  the  hills  west  0^  the  Chhattisgarh  plains  was  neces- 

sarily  much  interrupted  by  his  having  to  superintend  the 

Dr,  King.  *        coal  explorations  in  the  fields  far  to  the  east.    The  results 

Mr,  Bote,  of  those  trials  were  published  in  the  Records  for  November, 

Mr,  Hira  Lall.        ^^  .^  ^^^  ^^  ^  regretted  that  the  Rampur  field,  which  is 

the  one  crossed  by  the  new  line  of  railway,  does  not  promise  a  fair  supply  of  fuel. 
The  trials  were  all  by  borings,  but  the  samples  of  each  seam  were  taken  very  care- 
fully foot  by  foot,  and  separately  assayed.  The  amount  of  ash  in  almost  every  case 
was  prohibitively  high,  from  30  to  50  per  cent.  In  only  one  seam,  in  the  Baisandar 
valley,  the  average  was  21  per  cent,  of  ash,  the  5th,  6th,  and  7th  feet  giving  only 
6*52,  i2*o8,  and  i8'68.  TTiusit  may  yet  be  possible  to  get  small  local  supplies  from 
some  of  these  seams,  and  no  doubt  this  will  be  attempted  by  shafts  when  the  demand 
comes  to  be  pressing.  Meanwhile  the  exploration  is  being  carried  on  in  the  nearest 
ground  to  the  north,  in  the  Mind  valley.  In  the  remote  hill  country,  far  to  the  north 
of  Korba,  a  large  new  coal-field  was  traced  out  by  Sub-Assistant  Hira  Lall :  it  is  the 
western  extension  of  the  measures  noticed  some  years  ago  by  Mr.  Ball  at  their 
eastern  extremity  as  the  Lakanpur  field. 

The  relations  of  the  rocks  forming  the  plains  of  Raipur  to  those  underlying  them 
on  the  west  is  still  under  examination.  Dr.  King  describes  the  bottom  sandstone 
of  the  Raipur  series  (?  Lower-Vindhyan)  as  resting  with  partial  unconformity  on 
shaly  beds  of  the  Chilpi  series — general  parallelism  of  dip  at  low  angles  with  local 
overlap  and  discordance — a  like  relation  to  that  described  by  him  between  the 
Karnul  and  Kadapa  formations,  or  even  between  the  separate  groups  of  the  Kadapa 
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series.  It  seems  as  if  the  chief  diflSculty  would  be  with  the  lower  members  of  the 
Chilpi  series  in  comiection  with  igneous  and  schistose  rocks.  Dr.  King  reported  upon 
Mr.  Bose's  work  as  still  exhibiting  the  want  of  observation  and  study  that  had  been 
found  fault  with  in  previous  seasons ;  I  may  however  add,  that  since  going  to  the 
field  this  season  Dr.  King  has  written  less  unfavourably  of  Rlr.  Bose.  I  only  hope  he 
has  not  been  beguiled. 

Mr.  Hughes'  deputation  in  charge  of  the  Umeria  colliery  did  not  terminate  till  the 

end  of  December  (i  885),  and  for  the  rest  of  the  season  he  was 

^^M?^Hmke^^  engaged  in  examining  the  rocks  above  the  coal-measures, 

aild  succeeded  in  finding  some  new  localities  for  fossils  in 
them.  At  a  few  miles  to  the  west,  on  the  Son-Mdh^adi,  the  Jabalpur  beds  (top 
Gondwdna)  are  typically  represented,  and  the  problem  is  to  make  out  some  dis- 
tinctions in  the  variable  thickness  of  sandstones  shales  and  clays  between  those  beds 
and  the  coal-measures,  representing  what  in  other  fields  constitute  quite  two-thirds 
of  the  Gondwdna  system.  The  most  marked  stratigraphical  boundary  in  the  whole 
basin  is  that  just  above  the  coal-measures,  as  was  formerly  observed  in  the  Warda- 
Godavari  basin;  yet  in  neither  case  does  it  seem  to  involve  a  correspondingly 
marked  change  in  the  fossils,  for  a  considerable  thickness  of  beds  above  that 
boundary  still  contain  distinctively  lower  Gondwdna  forms.  Mr.  Hughes  has 
already  seen  a  great  deal  of  those  upper  rocks,  having  be^n  at  work  in  Rewah 
since  1879;  and  in  the  north-central  portion  of  the  basin  he  hit  upon  some  fossils 
marking  distinctly  the  Kota  Maleri  and  Denwa  horizon ;  so  it  is  altogether  very  dis- 
appointing that  he  has  not  yet  offered  any  clue  to  an  interpretation  of  the  strati- 
graphy where  it  presents  any  difficulty.  On  this  account,  lest  we  should  hopelessly 
lose  any  benefit  from  the  extensive  acquaintance  Mr.  Hughes  should  have  acquired 
of  that  ground,  it  was  with  much  reluctance  that  I  recently  consented  to  his  de- 
putation for  the  present  field  season  to  the  Nizam's  territories,  to  conduct  exploration 
for  minerals ;  but  practical  objects  must,  I  suppose,  claim  precedence. 

During  the  past  season  Mr.  Jones  completed  the  survey  of  the  southern  coal-fields 

The  Chhindwara         ^^  ^^  Satpura  Gondwdna  basin.    There  are  altogether  eleven 

coAL-FiBLDs.  Separate  areas  where  the  coal-measures  group  is  exposed, 

Mr.  Jones.  ^^^^^  ^f  ^y^^^  j^^^l^g  j^  ^^le  Chhindwara  district.    The  four 

adjoining  areas  in  the  Betul  district  were  mapped  and  described  some  years  ago  (Rec, 
VIII,  1875).  The  intended  exploration  of  the  seams  by  trial  borings  in  connection 
with  the  survey  not  having  been  carried  out,  the  information  regardinjj  the 
prospects  of  the  field  is  little  better  than  before,  the  principal  outcrops  having  been 
already  reported  on  long  ago.  Mr.  Jones  has  now  given  a  full  account  of  all  the 
exposures  and  defined  the  limits  within  which  there  is  any  chance  of  finding  coal. 
On  the  whole,  the  quality  of  the  coal,  so  far  as  it  can  be  ascertained  from  outcrop 
samples,  is  not  very  encouraging.  The  report  and  maps  are  now  at  press.  Aa 
a  geological  study  of  a  very  interesting  region,  Mr.  Jones'  report  is  disappointing, 
through  defect  of  critical  observation  and  discussion  on  the  ground,  for  it  is  futile 
to  expect  to  solve  stratigraphical  puzzles  by  the  colligation  of  field  notes;  the 
problems  must  be  stated,  and  to  a  great  extent  solved  on  the  spot ;  the  description 
of  them  is  then  a  simple  matter.  The  failure  to  find  a  single  recognizable  fossil 
daring  two  seasons'  work  on  these  coal-measures  is  similarly  unsatisfactory. 
B  a 
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This  piece  of  work  corresponds  to  Mr.  Hughes'  description  of  the  southern  coal- 
fields of  the  Rewa  Gondwina  basin ;  and  here,  as  there,  the  chief  puzzle  remains — 
to  put  in  order  the  main  mass  of  Gondwana  strata  above  the  coal-measures.  A 
preliminary  attempt  at  this  was  made  in  1873  (Memoirs,  Vol.  X). 

For  a  great  part  of  last  season  Mr.  Hacket  was  engaged  in  endeavouring 

to  clear  up  the  perplexities  of  the  Arvali  rocks  by  a  further 
^MV^Hackei  Study  of  them  on  their  eastern  margin,  about  Chitor  and 

Neemuch,  where  they  are  in  contact  with  an  archaean  gneiss. 
In  this  ground  in  1881,  as  was  noticed  in  the  annual  report  for  that  year  (Rec, 
XV.,  p.  3),  Mr.  Hacket  made  out  that  the  sandstone  of  Mundsaur,  which  had  ori- 
ginally  been  taken  to  be  Vindhyan,  as  occurring  close  to  these  rocks  and  quite 
like  them  petrologically,  was  really  identifiable  with  the  highly  metamorphic  Delhi 
quartzite  (see  Rec,  XVII,  103)  so  extensively  exposed  in  the  north-east  of  the 
Arvali  region.  This  implied  a  wide  distinction  of  this  member  from  the  schists 
with  which  it  is  generally  associated  throughout  the  region,  and  of  course  a 
complete  separation  from  the  Vindhyans,  which  are  elsewhere  quite  unaffected  in 
immediate  proximity  with  the  Arvali  slates.  Mr.  Hacket  now  extends  this  identifi- 
cation so  as  to  include  the  Arvali  schists  :  the  sandy  calcareous  conglomerate  resting 
on  the  gneiss  near  Dhaulapani  (20  miles  south-west  of  Neemuch)  and  containing 
pebbles  of  that  rock,  passes  below  the  limestone  and  shales  that  underlie  the 
Mundsaur  sandstone,  and  these  also  are  traceable  to  the  north  continuous  with 
the  slates,  schists,  and  limestones  of  the  Arvali  series.  Thus  the  partial  break  in 
that  series,  as  established  in  1881,  is  a  good  deal  modified,  and  we  now  seem  to 
have  representatives  of  the  whole  metamorphic  series  of  the  Arvalis  (so  far  as  at 
present  made  out)  in  unaltered  original  contact  with  an  archaean  gneiss  of  the  penin- 
sular area,  as  if  sheltered  in  a  bay  of  that  most  ancient  land  from  the  contortion 
and  metamorphism  that  took  full  effect  upon  the  same  deposits  in  the  main  area 
to  the  westward.  The  western  boundary  of  this  old  gneiss  is  very  obscure,  owing 
to  the  changed  condition  that  rapidly  supervenes  in  the  newer  rocks  on  that  side, 
where  they  are.  extensively  transformed  into  a  schistose  gneiss.  In  confirmation 
of  this  distinction  of  two  gneissic  formations,  Mr.  Hacket  describes  the  occurrence 
of  boulders  of  gneiss  in  the  schistose  gneiss  at  the  village  of  Mandkhola  (Lon.  74°. 
34',  Lat.  34°-/),  but  the  observation  needs  critical  petrological  confirmation.  The 
re-connexion  of  the  Delhi  quartzite  with  the  Arvali  series  is  more  in  harmony  with 
the  fact  of  their  association  over  so  large  an  area ;  but  Mr.  Hacket  considers  that 
there  is  probably  some  unconformity,  for  the  massive  quartzite  is  locally  in  contact 
with  different  rocks  of  the  underlying  series ;  this,  however,  might  be  due  to  faulting? 
where  the  strata  are  so  greatly  disturbed.  The  gradual  change  from  the  quartz 
veins  so  abundant  in  the  slates  of  the  eastern  part  of  the  region  (as  east  of  Deoli) 
to  the  granite  veins  that  similarly  pervade  the  schists  of  the  central  zone,  is  a 
noteworthy  feature.  On  the  other  hand,  Mr.  Hacket  notices  patches  of  com- 
paratively unaltered  slates  within  the  area  of  the  schistose  gneiss,  as  close  to  the 
east  of  Oodeypore,  and  again  on  the  west  side  of  the  Arvali  range  east  of  Mera 
(close  to  the  north  of  Abu) ;  but  these  may  only  be,  as  Mr.  Hacket  suggests,  freaks 
of  partial  metamorphic  influence  within  the  same  rock  series. 

The  stratigraphical  relation  now  brought  fonvard  of  the  Arvali  series  to  the  old 
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gneiss,  brings  it  into  nearer  comparison  with  the  Bijawar  (transition)  series  of  the 
Peninsula  which  rests  in  like  manner  on  the  south  margin  of  the  Bundelkhand 
gneiss.  The  characteristic  breccias  of  the  Bijawar  area  and  the  Narbada  valley 
are  not  represented  in  the  Neemuch  sections,  but  the  absence  of  such  peculiar 
rocks  may  not  signify,  so  the  wide  correlation  may  be  provisionally  accepted.  The 
other  pre-Vindhyan  formation,  the  Gwalior  series,  resting  on  the  northern  margin 
of  the  Bundelkhand  gneiss  and  not  specifically  identifiable  with  the  Bijawars  but 
having  some  points  of  affinity  with  the  lower-Vindhyan  and  the  Kadapa,  was  found 
characteristically  represented  in  the  Arvali  area  at  Hindown,  and  subsequently 
Mr.  Hacket  made  it  out  to  be  a  member  of  his  Arvali  series  (Rec,  XII,  p.  24). 
We  thus  seem  to  have  in  this  region,  on  the  north-west  border  of  the  Peninsula,  an 
extensive  exhibition  of  a  great  system  of  very  amcient  rocks  that  occur  locally  in 
various  parts  of  the  peninsular  massif. 

We  are  still  however  very  much  in  the  dark  upon  the  details  of  the  relations 
and  homotaxis  of  this  immense  sequence  of  formations  (including  the  Vindhy- 
ans),  all  having  as  yet  proved  azoic.  No  unconformable  break  could  be  more 
marked  than  that  of  the  typical  lower- Vindhyans  and  the  Bijawars  throughout 
the  Son  valley ;  yet  here  in  the  Neemuch  district  we  seem  to  have  members  of  the 
older  series  that  were  originally  by  petrological  characters  and  stratigraphy  placed 
with  the  adjoining  upper- Vindhyans.  Thus  there  is  unlimited  room  for  the  dis- 
covery of  •  mistakes,'  than  which  nothing  is  more  gratifying  to  the  average  human 
being;  so  the  present  apparent  anomalies  of  the  situation  are  here  broadly  indicated 
to  stimulate  the  ardour  of  future  explorers. 

Mr.  Racket's  work  in  Rajputana  has  been  confined  to  the   older  rocks,  the 

Arvalis  and  the  Vindhyans,  to  the  west  of  which,  in  the 

Mr  Oldham 

'  more  or  less  desert  country  of  Jesalmer,  the  existence  of 

fossiliferous  limestones  has  been  known  for  many  years.  Mr.  Blanford  made  a 
traverse  of  that  ground  in  1876,  from  Jodhpur  to  Rohri  on  the  Indus,  and  noted  a 
succession  of  Jurassic  strata  more  or  less  corresponding  to  those  described  in  Cutch, 
and  of  course  they  are  also  the  marine  representatives  of  some  of  the  Gondwina 
system.  They  are  surmounted  by  tertiary  (nummulitio)  limestones  and  clays.  During 
last  season  Mr.  Oldham  was  deputed  to  explore  the  northern  extension  of  those 
rocks  towards  Bikanir.  He  found  that  at  about  25  miles  north  of  Jesalmer  the 
nummulitic  strata  sweep  round  eastwards  passing  northwards  under  the  desert  of 
Bikanir.  But  the  most  interesting  of  his  observations  was  that  the  boulder  rock  of 
Pokaran,  which  had  previously  been  taken  to  be  Vindhyan  (although  recognized  as 
of  glacial  origin),  must  really  be  the  Talchir  boulder  bed,  occurring  as  that  bed  so 
constantly  does  upon  a  denuded  surface  of  very  ancient  peninsular  rocks,  and 
forming  by  position  the  base  of  the  sequence  of  mesozoic  strata  occurring  at  some 
distance  to  the  west.  As  the  Talchir  group  forms  all  over  India  the  base  of  the 
Gondw&na  coal-measures,  Mr.  Oldham  suggested  that  there  was  room  in  the  covered 
ground  between  the  boulder  bed  and  the  marine  jurassics  for  a  possible  occurrence 
of  coal-measures,  with  coal.  The  fact  of  there  being  a  continuous  sequence 
of  marine  strata  on  this  horizon  in  the  Salt-range  is  not  in  favour  of  the  conjecture, 
but  neither  does  it  forbid  it.  Mr.  Oldham  was  not  very  sanguine  of  success,  but  in 
view  of  the  great  want  of  coal  in  that  quarter  of  India  the  question  was  worth  looking 
into.    This  is  now  being  done;  and  the  latest  information  is  not  encouraging :  in  a 
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letter  dated  ist  January  Mr.  Oldham  informs  me  that  he  has  in  some  places  found 
upper  Gondwfinas  overlapping  unconformably  on  the  Talchirs. 

Sub-Assistant  Kishen  Singh  has  completed  the  work  he  has  been  engaged  on  for 

some  seasons,  to  map  the  upper- Vindhyans  of  the  Chambal 

Mr.  Kishen  Singh.       ^^^.^     r^^^  ground  was  very  imperfectly  known,  from  a 

single  traverse  made  some  years  ago  by  Mr.  Racket  to  fix  approximately  the 
northern  boundary  of  the  trap  of  the  Malwa  plateau.  The  continuous  survey  has 
brought  out  some  unimportant  corrections.  The  sandstone  of  Jhalra  Patau  which 
had  been  taken  to  be  Rewah  sandstone  (upper-Vindhyan)  is  shown  by  Kishen 
Singh  to  pass  beneath  the  shales  and  limestones  that  underlie  the  Kaimur  sandstone 
and  is  so  proved  to  be  lower-Vindhyan.  None  of  the  peculiar  lower-Vindhyan 
beds,  such  as  the  Tirhowan  breccia  of  the  Bundelkhand  area,  or  the  porcellanic  and 
trappoid  beds  of  the  Son  valley,  have  been  observed  in  Malwa.  Kishen  Singh  has 
now  been  transferred  to  msq;)  the  boundary  of  the  Deccan  trap  in  the  Mandla  and 

Seoni  districts. 

Mr.  La  Touche  made  good  progress  with  his  work  in  the  Garo  Hills  during  the 

past   season.    Although  the  structural    features    are    not 
Mr^^La  louche.  obscure,  progress  is  greatly  impeded  by  the  dense  vegeU- 

tion  and  the  scarcity  of  fossils  in  the  sequence  of  tertiary 
rocks  above  the  nummulitic  horizon.  Mr.  La  Touche's  progress  report  is  published 
in  the  current  number  of  the  Records. 

During  this  year  again  Mr.  Middlemiss  has  been  alone  in  the  Himalayan  region, 

and  he  has  done  excellent  work.  His  genuine  enthusiasm  and 

^  jS^^jJ  flwT^^'^^''        *^^^°^^^^®^^  ^^  ^^^^  refreshing,  his  real  aim  being,  not  to 

make  a  display,  but  to  understand.  The  account  of  his 
work  is  given  in  the  current  number  of  the  Records ;  it  was  fully  ready  for  publica- 
tion in  October  last,  but  had  to  be  deferred  for  more  urgent  though  less  important 
work.  His  ingenuous  exposition,  and  illustration  from  a  local  instance,  of  the  *  folded 
flexure  *  (to  use  the  older  and  neater  term  originally  given  by  Professor  H.  D.  Rogers)^ 
and  its  attendant  *  reversed  faulting, '  and  of  their  function  in  the  formation  of  *  true 
mountains, '  will  be  instructive  to  many.  Mr.  Middlemiss*  paper  describes  a  very 
complete  geological  feature,  about  45  miles  in  length,  immediately  east  of  the  Ganges 
and  at  the  edge  of  the  Lower-Himalayan  region,  just  inside  the  fringing  zone  of 
Sub- Himalayan  rocks.  It  is  in  the  main  a  long  ellipse  of  crystalline  schists  surround- 
ed by  a  narrow  fringe  of  newer  strata.  To  mark  how  backward  we  still  are  (malgr^ 
nous)  even  in  the  superficial  knowledge  of  large  tracts  of  country,  it  has  to  be  con- 
fessed that  this  description  came  as  a  siirprise.  In  previous  notices  of  this  region  it  has 
been  stated  that  although  the  Lower  Himalaya  begin  with  a  great  spur  of  cr}'stalline 
schists  and  gneiss  reaching  to  within  7  miles  of  the^  Sub-Himalayan  zone  between  the 
Beas  and  the  Sutlej,  the  predominance  of  crystalline  rocks  in  it  comes  on  in  eastern 
Kumaun,  on  the  frontier  of  Nepal ;  but  we  now  see  those  rocks  already  established 
in  force  close  to  the  east  of  the  Ganges  and  at  the  very  edge  of  the  region. 

Mr.  Middlemiss  now  puts  us  in  possession  of  a  more  or  less  detailed  description 
of  a  third  detached  section  of  the  Lower  Himalaya.  This  apparent  want  of  system 
and  continuity  of  work  has  already  been  duly  explained  by  the  advantage  of  taking  up 
ground  of  which  fair  maps  are  available,  and  this  only  occurs  in  the  purely  British 

"  Memoirs,  Vol.  HI,  pt.  2,  pp.  194-5. 
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districts.  But  indeed  there  may  be  some  compensating  advantage  in  these  inde> 
pendent  studies  of  adjoining  areas,  the  adjustment  of  discrepancies  being  perhaps 
more  likely  to  give  true  results  than  might  have  been  attained  in  any  endeavour  to 
carry  out  over  a  large  area  a  scale  made  out  in  a  part  of  it.  In  the  present  case  the 
discrepancies  are  considerable,  and  it  will  be  well  to  exhibit  them  in  juxtaposition. 
The  first  of  the  sections  referred  to  is  that  in  the  Simla  area  at  the  west  end  of  the 
Lower  Himalayan  region,  where  there  is  the  widest  display  of  unaltered  rocks.  The 
work  there  was  mine  (1859-62),^  and  it  has  least  claim  to  consideration,  for  it  made 
no  pretence  to  be  a  survey ;  the  map  was  a  poor  one,  on  a  small  scale,  and  the 
observations  were  made  from  cursory  traverses  of  the  ground  in  connexion  with 
a  more  careful  study  of  the  Sub-Himalayan  zone,  which  was  really  the  work  in 
hand,  the  area  covered  being  evidence  to  the  point.  The  second  area,  30  miles 
east  of  Simla,  was  by  Mr.  Oldham  (1883)'  with  the  new  map  of  Jaunsar.  The 
third  area  is  30  miles  further  east,  in  Garhwal,  by  Mr.  Middlemiss,  now  published.  I 
have  placed  the  groupings  below  in  parallel  columns,  indicating  any  suggested  corre- 
lations. In  the  first  column  I  give  Stoliczka's  conjectured  affiliation  of  the  Simla 
sequence  (from  his  own  observation)  with  that  in  Spiti. 


Spiti. 

Simla. 

Jauniar. 

GarhwaU 

Lilang 

Krol  (limestone). 

• 

(vpper  trias). 

Infra- Krol. 

TAl  (mesozoic). 

Quartzite. 

• 

Massive  limestone. 

Ruling 

Carbonaceous  shales. 

Bawar. 

(carboniferous). 

Mandhali. 

Deoban  (limestone). 

Chakrata. 

Purple  slates. 

Limestones  and  slates. 

Math 

Blaini 

(apper  silorian). 

Volcanic  beds. 

Volcanic  breccia. 

Upper  Bhabeh 

Simla  slates. 

(lower  Silurian). 

Schists. 

The  chief  discrepancy  is  between  the  sequences  of  Simla  and  Jaunsar,  Mr, 
Oldham  asserting  provisionally  that  the  rocks  in  either  have  no  representative  in 
the  other  {supra^  xviii,  p.  4).  The  horizons  he  does  suggest  are  indicated  in  the 
table :  that  the  Bawar  represents  part  of  the  infra-Krol ;  that  the  Deoban  limestone  is 
much  older  than  the  Krol  limestone  (they  had  previously  been  supposed  the  same); 
that  the  Blaini  is  newer  than  the  Lower  Chakrata  (volcanic  beds).  Mr.  Middlemiss 
refrains  from  correlations,  not  even  saying  whether  his  massive  limestone  may  be 
krol  or  Deoban,  with  the  apparent  notion  that  all  may  yet  prove  to  be  one  and  the 
same.  It  would  be  futile  to  speculate  upon  identifications  that  will  in  due  course 
be  settled  by  actual  survey,  but  there  is  one  theoretical  question  upon  which  I  wish 
to  offer  a  reflection.  That  the  Simla  section  does  not  represent  a  conformable 
sequence,  is  a  statement  I  should  never  have  disputed  under  any  strict  meaning  of 
the  term  *  conformable';  but  among  the  several  inferences  I  ventured  to  put  forward 
one  had  appeared  to  me  on  the  ground  as  very  remarkable— the  parallelism  of  stratifi- 
cation between  the  newest  and  the  oldest  formations.    The  most  striking  instance 

«  Memoirs,  Vol.  Ill,  pt.  2. 

«  Records,  Vol.  XVI,  p.  193,  with  subsequent  corrections,  Vol.  XVIII,  p.  4. 
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given  was  that  of  the  nummulitic  with  the  infra-Krol  beds  at  Subathu,  where 
throughout  a  considerable  synclinal  fold  a  characteristic  bottom  bed  of  the 
Subathu  group  coincides  with  the  bedding  of  the  underlying  slaty  shales.  The 
denudation-unconformity  here  involved  is,  of  course,  prodigious ;  but  the  agreement 
in  stratification  is  only  the  more  remarkable,  and  it  is  constant  at  this  horizon 
throughout  this  zone  of  extreme  contortion  to  the  north-west,  and  is  still  preserved , 
with  little  disturbance,  in  the  Salt-range.  The  interpretation  I  ventured  to  put  upon 
this  fact  seemed  one  of  considerable  importance  in  the  history  of  mountain  form- 
ation— ^that  in  this  zone  at  least  little  or  none  of  the  contortion  peculiar  to  mountain 
structure  had  yet  afEected  the  old  slates  at  the  beginning  of  the  nummulitic  age.  It 
was,  and  is,  inconceivable  to  me  that  strata  which  were  originally  highly  discordant 
could  by  any  play  of  subsequent  contorting  action  be  brought  into  parallel  contact, 
even  exceptionally,  much  less  throughout  a  great  area.  A  similar  parallelism  seemed 
to  me  to  obtain  throughout  the  Simla  section.  My  successors  have  treated  this 
suggestion  with  silent  contempt ;  extreme  and  wholesale  unconformities  (meaning  of 
course  the  original  relation)  have  been  freely  introduced.  I  have  myself  indicated  a 
fact  of  mountain-growth  (Manual,  p.  550)  that  would  at  least  locally  reconcile  such 
discrepancies — how  complete  conformity  and  utter  discordance  may  grow  together 
side  by  side — ^but  for  actual  original  contact-sections  the  inference  I  drew  still  seems 
to  me  rationally  binding,  and  I  would  call  upon  my  successors  to  apply  it  or 
refute  it. 

Mr.  Griesbach  reached  India  on  the  ist  November  with  the  Afghan  Boundary 
Trans-Frontibr.        Commission,  not  much  the  worse  for  the  two  years'  joumey- 
Aff.  Griesbach,  ings.     His  notes  on  Turkist^n  appeared  in  the  Records  for 

Df,  Gtlet.  November,  and  notice  of  his  return  traverse  from  the  Oxus 

to  India  is  published  in  the  current  number.  The  former  was  a  prolongation  east- 
wards on  the  strike  of  the  formations  previously  noticed,  where  they  form  the 
Tirband-i-Turkist^n,  the  principal  north-western  flanking  range  of  the  Afghan 
mountains.  The  upper  cretaceous  limestone  assumes  quite  a  predominant  place, 
resting  unconformably  on  the  older  Jurassic  and  triassic  strata,  which  only  appear 
where  exposed  in  the  axes  of  denuded  anticlinals.  The  lower  flanking  hills  expose 
a  great  thickness  of  tertiary  strata  dipping  at  high  angles  beneath  the  deposits 
forming  the  plains  of  Turkistin.  In  connexion  with  the  latter  Mr.  Griesbach  notices 
an  apparent  continuation  of  the  same  elevatory  action  now  going  on  in  the  plains 
south  of  the  Oxus,  attributed  to  a  flexure  in  process  of  protrusion  by  lateral  pressure. 
The  evidence  for  the  fact  itself,  as  thus  explicable,  is  only  indirect,  and  perhaps 
needs  confirmation  by  actual  levelling.  At  the  eastern  end  of  the  Tirband  range 
better  sections  were  obtained  of  the  older  rocks,  in  the  lower  members  of  which 
some  extensive  coal-measures  were  discovered;  and  Mr.  Griesbach  reports  the 
important  fact  that  the  bottom  conglomeratic  beds  of  the  series  (presumed  to  be 
Talchirs)  as  observed  near  Herat  are  found  in  the  Bamian  sections  associated  with 
beds  containing  marine  carboniferous  fossils,  thus  giving  further  evidence,  were  any 
more  needed,  of  the  carboniferous  age  of  the  early  Gondwina  deposits. 

For  those  on  the  look  out  from  the  Himalayan  side  Mr.  Griesbach's  notes  of  his 
traverse  from  Turkistin  to  India  seem  a  little  surprising,  though  perhaps  his 
previous  sections  of  the  western  prolongation  of  the  Hindu  Kush  should  have  sug- 
gested the  event.    He  crossed  the  Hindu  Kush  by  the  Chahirdar  pass,  north-west  of 
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Ghorband,  where  the  range  is  represented  as  in  foil  force,  but  on  the  whole  section 
up  to  Peshawar  he  found  no  rock  that  he  took  to  be  older  than  carboniferous. 
There  were  in  the  axis  of  the  ranges  immense  intrusions  of  the  syenitic  granite,  al- 
ready noticed  far  to  the  south  and  west,  and  with  it  a  considerable  exhibition  of 
metamorphosed  rocks,  but  these  were  all  taken  to  be  carboniferous  or  newer.  It  is 
noteworthy,  as  consistent  with  the  rest,  that  the  axes  of  disturbance  maintained  the 
predominant  east-west  direction  throughout,  even  where  the  Hindu  Kush  of  the  maps 
trends  north-eastwards. 

The  Himalayan  point  of  view  mentioned  above  will  be  best  illustrated  by 
a  notice  of  the  contemporaneous  observations  made  by  Dr.    G.    M.   Giles    in 
the  country  beyond    Gilgit.     On    the    Himalayan    side,    it  will  be  seen  from 
Mr.  Lydekker's   map  of  the  Kashmir  territories  (Memoirs,  Vol.  XXII),  that  the 
whole   of    the    north-western  quarter   (Gilgit,  Astor,  and  Baltistan)   is  a  geolo- 
gical waste,  a  few  patches  of  jura-trias,  carboniferous,  and  silurian  formations  isolat- 
ed upon  a  great  expanse  of  crystalline  metamorphic  rocks  which,  though  probably  . 
including  some  converted  palaeozoics,  were  taken  to  be  largely  made  up  of  older 
(?  archaean)  gneiss,  the  continuation  of  that  forming  the  Ladak  axis.     Dr.  Giles  does 
not  pretend  to  be  a  geologist,  but  he  made  some  excellent  observations  of  the  physical 
features  of  the  ground  traversed,  which  included  a  very  large  area,  from  the  Pamir 
through  Wakhan  and  eastern  Badakshan  (across  the  Hindu  Kush,  at  its  supposed 
roots),  and  back  through  Chitral  and  Yassin.     From  the  very  poor  specimens  brought 
back  by  Dr.  Giles  it  would  be  inferred  that  the  whole  of  that  large  area  presented 
only  an  extension  of  the  conditions  known  in  Baltistan  :  no  trace  of  a  fossiiiferous 
rock  was  seen,  crystalline  and  schistose  rocks  greatly  preponderated,  with  only  a  few 
less  altered  slaty  specimens.    Dr.  Giles  further  observed  that  throughout  the  greater 
part  of  the  area,  the  eastern  and  central,  an  east-west  strike  was  v6ry  constant ;  while 
on  the  west  side,  i>.,  on  what  is  represented  as  the  strike  of  the  Hindu  Kush,  the 
prevailing  strike  of  the  rocks  was  north-south,  though  often  irregular.    Geologists 
will  understand  how  indefinite  must  be  the  inferences  from  such  data,  but  there  seems 
at  least  a  distinct  contrast  brought  out,  where  some  at  least  looked  for  a  tie.    There 
remains  about  100  miles  of  unknown  ground  (Kafiristan)  between  the  nearest  parts 
(Charikar  and  Chitral)  of  the  areas  under  notice,  but  the  notion  of  structural  (axial) 
continuity  seems  altered :  as  if  the  relation  of  the  Perso-Afghan  system  to  the  great 
(?)  archaean  massif  of  the  Pamir  was  quite  different  from  that  of  the  Himalayan  system 
to  the  same,  the  latter  being  direct  (axial)  and  the  former  only  secondary  (fringing)  ; 
80  that  the  only  structural  continuity  between  the  two  systems  is  to  be  found  in  the 
narrow  stratigraphical  isthmus  (or  strait),  in  the  centre  of  which  stands  Attock  on  the 
Indus. 

Geology  will  certainly  be  the  chief  loser  by  the  indefinite  postponement  of  the 

proposed  Mission  to  Llhassa.    It  had  been  settled  that  Mr. 
Oldham  was  to  have  gone  as  geologist,  and  I  have  no  doubt 
he  would  have  made  the  best  use  of  his  opportunities. 

Publicaiions. — ^There  was  no  issue  of  the  Memoirs  during  the  present  year.  These 
are  only  occasional  publications ;  when  some  special  area,  involving  several  seasons' 
field  work,  happens  to  be  completed,  or  some  other  work  of  greater  length  than  can 
conveniently  find  place  in  the  quarterly  Records.  A  Memoir  on  the  Chhind  wara  coal- 
fields is  now  in  the  press,  and  Mr  Griesbach's  Himalayan  Memoir  is  well  in  hand. 
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In  the  Records  for  1886,  being  Vol.  XIX  of  the  series,  there  are  24  papers,  with 
numerous  maps  and  plates.  Some  of  the  papers  were  of  considerable  interest  to 
geologists  beyond  the  range  of  India. 

In  the  Palaeontologia  Indica  it  has  happened  that  several  works  have  come  to  a 
natural  close,  or  check,  with  the  end  of  the  year,  and  it  may  be  expected  that  under 
present  financial  tightness  this  branch  of  our  publications  may  not  be  so  active  as  for 
the  last  few  years.  Mr.  Lydekker  has  now  pretty  well  cleared  off  all  our  fossil  Verte- 
brata,  but  of  course  further  collections  will  be  made  in  due  course  from  the  same 
formations.  The  following  parts  of  series  X,  the  Tertiary  and  Post-Tertiary 
Vertebrata,  were  issued  in  1886 :  Vol.  Ill,  part  7,  Siwalik  Crocodilia,  Lacertilia  and 
Ophidia;  part  8,  Tertiary  Fishes  ;  Vol.  IV,  part  i,  Siwalik  Mammalia  (Supplement)  ; 
and  part  3,  the  Fauna  of  the  Karnul  caves.  A  catalogue  of  the  Siwalik  Vertebrata 
in  the  Museum,  by  Mr.  Lydekker,  was  also  published  (in  two  parts).  The  Survey 
may  be  proud  of  having  introduced  Mr.  Lydekker  to  a  line  of  work  in  which  he 
has  already  earned  much  reputation. 

With  the  fasciculus  on  the  Echinoidea  of  the  Makr^  series  of  the  coast  of  Bilu- 
chistan  and  of  the  Persian  Gulf,  published  in  1886,  Professor  P.  Martin  Duncan, 
F.R.S.,  has  completed  a  very  portly  volume,  forming  Vol.  I  of  Series  XIV — the 
Tertiary  and  Upper  Cretaceous  fauna  of  Western  India.  Dr.  Duncan's  work  com- 
prises the  Corals  and  the  Echinoidea  of  the  Sind  collections,  all  the  rest  of  which 
remain  to  be  worked  out. 

Dr.  Waagen  too  has  well  nigh  finished  his  great  volume  on  the  fossils  of  the  Pro- 
ductus  limestone  of  the  Salt-range.  Part  6,  the  Coelenterata,  was  issued  in  i886» 
and  a  good  part  of  the  text  and  plates  of  the  remaining  small  fasciculus  on  the 
Hydrozoa  is  in  hand  for  publication.  The  whole  will  form  a  text  of  about  i,cxx) 
pages  with  a  large  volume  of  plates.  This  will  be  about  half  of  the  projected  work 
on  the  Salt-range  collections  now  in  Dr.  Waagen's  hands.  The  remaining  volumes 
will  each  be  scarcely  half  the  size  of  the  first  one:  Vol.  II,  on  the  fossils  of  the 
Ceratite  beds,  and  Vol.  Ill,  on  the  fossils  of  the  Newer  Mesozoic  formations,  as 
indicated  in  the  introduction  (p.  3.)  to  Vol.  I.  The  fourth  volume,  in  three  parts, 
will  give  the  full  discussions  of  the  palaeontological  and  geological  characters  of 
the  respective  formations.  Dr.  Waagen's  last  renewal  of  engagement  terminated 
with  the  year  under  notice;  but  it  is  earnestly  to  be  expected  that  Government 
will  sanction  an  arrangement  that  will  permit  of  his  completing  this  very  important 
work, 

A  last  part  of  Vol.  IV,  Series  XII,  was  also  issued  at  the  end  of  1886,  on  the 
fossil  flora  of  some  coal-fields  in  Western  Bengal ;  and  in  the  introduction  to  the 
volume  Dr.  Feistmantel  gives  a  review  of  the  recent  discussions  on  the  correlation  of 
the  Gondwina  system.  For  the  flora  itself,  Dr.  Feistmantel's  judgment  is  authori- 
tative ;  but  he  has  gone  hopelessly  astray  in  dealing  with  the  geological  elements  of 
the  question. 

The  two  first  parts  of  the  Manual  of  the  Geology  of  India,  issued  in  1879,  ^^^e 
been  out  of  print  for  some  time,  and  the  question  of  rewriting  it  has  been  much  upon 
my  mind.  Parts  of  it  would  require  abridgment,  leaving  local  information  to  be 
sought  for  in  the  special  Memoirs ;  and  parts  of  it  would  need  alteration  and  addi- 
tion in  view  of  extended  information.  The  greater  part  of  the  two  volumes  was 
written  by  Mr.  Blanford,  who  was  for  the  time  relieved  of  other  work.    To  rewrite 
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the  whole  while  carrying  on  the  manifold  current  duties  of  the  Survey  has  been 
more  than  I  could  attempt  in  India  with  any  justice  to  either. 

3/«j^«OT.— The  Geological  Museum  is  in  excellent  order.  Some  valuable  speci- 
mens of  minerals  were  presented,  Canadian  specimens  by  Sir  William  Dawson,  and 
English  specimens  by  the  British  Museum.  A  good  specimen  of  a  meteorite  that 
fell  in  South  Arcot  was  sent  in  by  the  Collector  of  the  district ;  a  large  portion  of 
it  was  forwarded  to  the  British  Museum,  also  a  fgood  specimen)  to  ithe  Madras 
Museum.  Mr.  Mallet  reports  very  favourably  of  the  work  done  by  Mr.  Blyth  as 
museum  and  laboratory  Assistant. 

Library. — The  library  is  in  good  order.  There  were  2,199  volumes  or  parts 
of  volumes  added  during  the  year;  1,470  by  presentation  or  exchange,  and  729 
by  purchase.  I  would  here  gratefully  acknowledge  the  to  me  invaluable  service 
rendered  this  year,  as  always,  by  Mr.  W.  R.  Bion,  as  Librarian  and  Registrar,  in 
charge  of  the  office.  Without  an  efficient  and  thoroughly  trustworthy  officer  in  this 
post,  there  would  be  endless  inturruption  and  anxiety  for  the  Head  of  the  Depart- 
ment. 

Tki  employment  of  Natives  as  geologists. — For  the  last  15  years  this  has  been  a 
burning  question  for  the  Geological  Survey  of  India,  and  as  for  almost  the  whole 
period  the  opposition  to  the  proposal  has  fallen  upon  me,  whether  as  officiating  or 
permanent  Head  of  the  Department,  I  wish  to  explain  overtly,  especially  to  the 
natives  themselves,  the  reasons  that  have  guided  me,  though  I  can  only  do  so  very 
briefly.  I  would  first  indicate  the  speciality  of  the  case  in  the  general  question  of  Gov- 
ernment employment  as  due  to  natives — a  principle  which  I  entirely  accept,  if 
limited  by  reason  :  this  small  Department  is  a  mere  drop  in  the  ocean  of  employ- 
ments under  Government,  and  the  field-duties  involve  no  intercourse  with  the  inhabit- 
ants—the geologist  goes  about  with  map  hammer  and  compass  and  need  interfere 
with  no  one.  These  are  collateral  (administrative)  reasons  against  any  urgency  for 
such  appointments,  if  the  special  reasons  against  them  are  strong.  The  difficulty  on 
this  latter  side  is  to  get  people  even  to  understand  the  reasons,  whether  technical  or 
intrinsic ;  and  mien  in  power  are  very  loth  to  admit  that  there  is  anything  they  can- 
not grasp. 

The  special  reasons  then  are,  that  the  Survey  has  no  duties  of  a  mechanical 
nature,  to  which  and  through  which  it  would  be  possible  to  break-in  the  uninitiated  ; 
that  the  facts  it  has  to  deal  with  are  not  facts  in  the  usual  meaning,  as  immediately 
appreciable  by  the  senses, — mankind  was  for  long  familiar  with  stones.before  the 
geologist  arose  to  put  meaning  into  them ;  the  facts  he  deals  with  are  imputed  to 
the  stones  by  the  interpretation  of  their  characters  as  visible  and  tangible,  through  the 
knowledge  of  the  various  agencies  of  nature  as  studied  in  the  physical  sciences.  The 
geologist's  work  is  therefore  sound  and  useful  or  false  and  misleading  in  proportion 
to  his  real  acquaintance  with  the  actuals  and  the  principles  of  the  exact  sciences,  and 
unless  he  reaches  a  certain  standard  of  excellence  his  work  is  absolutely  useless, 
or  worse.  In  this  respect  the  geologist  is  unique.  A  doctor  may  acquire  a  useful 
skill  in  the  practice  of  medicine  without  being  anything  of  a  biologist ;  an  engineer 
may  do  fair  work  with  little  or  no  knowledge  of  mechanics ;  a  man  may  be  a  surveyor, 
(of  the  earth  or  sky)  without  any  proper. knowledge  of  geodesy  or  astronomy; 
because  in  all  these  businesses  there  are  practical  rules  by  which  ordinary  work  can 
be  safely  executed,  and  there  would  be  no  sufficient  reason  for  excluding  natives 
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on  the  ground  of  their  ineptitude  for  original  scientific  work.  Geology  is  the  opposite 
of  all  this  :  there  is  no  operation  called  for ;  every  act  in  its  service  is  an  independent 
judgment  upon  very  complex  inductive  facts  through  an  accurate  knowledge  of  physi- 
cal phenomena  and  their  laws ;  if  not  scientific  it  is  nonsense.  Further  it  is  to  be 
noted  that  the  data  upon  which  the  geologist  has  to  frame  his  judgments  are  for 
the  most  part  very  scanty :  from  occasional  scattered  sections  or  single  outcrops  he  has 
to  attempt  the  representation  of  the  rocks  as  they  lie  underground  and  of  their  remote 
history.  Thus,  though  based  on  the  exact,  it  is  itself  the  most  inexact  of  sciences, 
and  eminently  demands  conscientious  and  sober  judgment.  There  is  no  science 
with  which  it  is  so  easy  to  acquire  a  superficial  acquaintance  and  to  play  the 
impostor.  It  is  therefore  evident  that  though  eminently  suited  as  an  element  of 
primary  education,  to  open  the  mind  of  the  young  to  the  interpretation  of  nature,  geo- 
logy is  eminently  unfit  as  an  introduction  to  scientific  work,  even  for  those  in  whom 
the  aptitude  may  be  presumed,  much  more  unfit  for  natives  with  whom  no  such 
presumption  is  apparent,  and  in  whom  the  disqualifying  proclivities  are  very  pronoun- 
ced, especially  in  Bengalis. 

1  might  leave  the  matter  in  this  sufiioiently  presumptive  state,  but  my  chief  object 
would  be  missed — to  bring  the  native  (and  especially  the  Bengali,  as  the  one  most  in 
error)  to  reflect  upon  himself  a  little.  The  impostor,  in  the  most  objectionable 
sense  of  the  word,  only  deceives  others ;  whereas  the  Bengali  deceives  himself.  He 
seems  fully  convinced  that  with  but  a  little  more  .teaching  he  could  take  the 
lead  in  everything.  In  the  question  under  notice,  that  of  science,  this  opinion 
betrays  a  quite  stupendous  failure  of  the  missing  inductive  faculty.  What  are  the 
facts  ?  A  large  number  of  the  chiefs  in  the  annals  of  science  in  Europe  did  not 
have  a  tithe  (if  any  at  all)  of  such  scientific  teaching  as  has  been  thrown  away  upon 
the  Bengali  youth  for  the  last  50  years  ;  they  were  self-taught  men.  In  most 
considerable  towns  of  England  there  are  societies  of  workers  in  science.  From 
how  many  a  village  of  England  and  Scotland  have  we  not  heard  of  poor  men 
—cobblers,  journeymen  tailors,  masons,  &c. — who  have  half  starved  themselves 
in  the  pursuit  of  some  scientific  object  ?  In  all,  the  mental  germ  was  there,  and 
it  grew  in  spite  of  every  want  and  obstruction.  In  Bengal  the  word  of  knowledge 
has  been  preached  for  the  last  two  generations,  but  in  no  single  case  has  it  found 
the  needful  germ  in  which  it  might  come  to  maturity  and  bear  fruit  in  origi- 
nal scientific  work  ;  it  seems  only  to  develop  a  more  obnoxious  kind  of  weed,  words 
of  science  without  substance.  In  the  medical  and  engineering  services  they  have  for 
long  had  like  teaching  and  opportunities  to  those  from  which  Darwin,  Huxley,  Tyndall 
and  a  host  of  others  have  arisen,  but  of  like  result  in  Bengal  there  is  no  symptom 
even.  For  a  still  longer  period  the  practical  results  of  the  new  knowledge  in  the 
shape  of  material  progress  have  been  displayed  with  ever  increasing  energy  from  the 
West,  but  neither  has  this  awakened  in  the  oriental  mind  a  power  to  do  likewise. 
Of  imitation  there  is  no  lack,  but  of  creative  power  there  is  no  sign.  If  this  is  not 
a  demonstration  on  the  part  of  the  Bengali  of  his  ineptitude  for  science — that  the 
presumption  aforesaid  is  a  hard  fact — evidence  counts  for  nothing.  He  would  do 
well  to  take  it  to  heart,  if  by  any  means  he  may  correct  his  failing.  Meanwhile,  even 
if  there  were  not  particular  evidence  to  confirm  it,  I  hold  this  as  sufiicient  warrant 
for  objecting  to  the  appointment  of  natives  to  the  slender  staff  of  the  Geological 
Survey. 
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It  would  be  wrong  not  to  offer  any  elucidation  that  suggests  itself  of  so  prevalent 
and  mischievous  a  delusion ;  for  there  are  not  a  few  very  able  men  who  more  or  less 
share  the  Bengali's  persuasion  of  his  own  intelligence,  and  I  am  not  at  all  concerned 
to  dispute  their  position,  because  in  fact,  whatever  their  mental  potentiality  may  be, 
their  learning  is  in  kind  very  much  on  a  par  with  his,  and  in  dialectical  skill  he  may 
be  quite  their  equal ;  so  they  are  as  incredulous  as  himself  that  he  should  not  be 
able  to  master  such  a  simple  thing  as  geology.  The  question  cannot,  in  truth,  be 
argued  as  one  of  degrees  of  intelligence ;  it  is  essentially  a  specific  difference.  If 
there  is  anything  new  under  the  sun  it  is  positive  knowledge ;  and  it  is  no  less 
marked  as  a  modern  characteristic  of  the  Western  man.  This  is  simply  another 
way  of  stating  the  facts  already  set  forth.  Whether  the  difference  is  temporary  or 
not  is  a  question  for  the  future.  All  manner  of  biological  and  psychological  com- 
plexities might  be  involved  in  discussing  the  question  ;  I  will  only  give  a  superficial 
indication  of  the  contrast  suggested  between  learning  and  knowledge;  it  is  an 
appropriation  of  the  admirable  distinction  drawn  by  Dr.  Newman  in  the  Grammar  of 
Assent  between  '  real '  and  '  notional '  apprehension,  as  the  characteristic  difference 
between  efficient  and  non-efficient  faith,  or  rather  between  faith  and  profession.  In 
the  former  there  is  such  a  vivid  conception  of  the  dogma  as  real,  that  the  subject 
has  no  Qpwer  but  to  obey ;  while  in  the  latter,  profession  is  merely  intellectual  in  the  most 
superficial  sense.  Dr.  Newman's  application  of  the  distinction  is  actual  enough,  but 
obviously  artificial  and  delusive ;  the  conviction  (faithi)  thus  wrought  by  persistent 
imagination  would  be  just  as  real  and  just  as  good  evidence  for  dogma  in  the  case  of 
the  Indian  jogi  as  of  the  Christian  martyr.  In  our  present  contention  the  terms  are 
beautifully  applicable :  positive  knowledge  may  be  taken  up  by  a  real  or  a  notional 
apprehension ;  the  former  is  only  attainable  as  a  direct  revelation  of  nature  her- 
self to  the  earnest  student,  in  whom  faith  in  nature  is  the  needful  germ ;  from  this 
indeed  there  springs  a  conviction  which  need  no  longer  be  called  faith,  it  is  know- 
ledge, the  only  *  real  apprehension.'  With  it  will  expand  the  faith  from  which  it  sprung, 
until  together  they  cleanse  the  earth  and  man.  But  of  course  the  formulae  of  science 
can  be  acquired  and  dealt  with  notionally,  like  any  other  barren  knowledge  or  learn- 
ing ;  and  for  this  kind  of  accomplishment  the  Bengali  has  quite  a  special  genius. 
Perhaps  the  needful  germ  of  faith  in  nature  has  not  yet  descended  to  him ;  he  only 
believes  in  the  dictionary. 

Personnel. — Mr.  Mallet  was  absent  on  medical  certificate  from  the  30th  of  April 
to  the  25th  of  November,  Mr.  Jones  officiating  for  him  as  Curator.  Mr.  Hughes  was 
absent  on  furlough  from  the  20th  of  May  to  Uie  25th  of  November.  Mr.  Fedden 
returned  from  furlough  on  the  9th  of  November.  Mr.  Jones  has  been  transferred 
to  Upper  Burma  during  the  current  season. 

I  am  glad  to  be  able  to  announce  that  Dr.  Fritz  Ncetling  has  been  appointed  by 
the  Secretary  of  State  as  Palaeontologist  to  the  Survey,  in  succession  to  Dr.  Feistmantel. 

This  being  the  last  opportunity  I  shall  enjoy  of  writing  the  annual  Administration 
Report  of  the  Department,  I  take  the  occasion  to  bid  farewell  to  my  colleagues, 
wishing  that  they  may  find  as  much  pleasure  as  I  have  found  in  the  performance  of 
our  work. 

Calcutta,  H.  B.  MEDLICOTT, 

The  2^^^  January  i88y.  Director  of  the  Geological  Survey  of   India* 
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List  of  Societies  and  other  Institutions  from  which  Publications  have 
been  received  in  donation  or  exchange  for  the  Library  of  the  Geolo- 
gical Survey  of  India,  during  the  year  1886, 

Ballaarat. — School  of  Mines. 
Baltimore. — Johns  Hopkins  University. 
Basel. — Natural  History  Society. 
Batavia. — Batavian  Society  of  Arts  and  Sciences. 
Belfast. — Natural  History  and  Philosophical  Society. 
B£RLiN.-*German  Geological  Society. 

„         Royal  Prussian  Academy  of  Science. 
Bombay. — Bombay  Branch,  Royal  Asiatic  Society. 

„  Natural  History  Society. 

Boston. — American  Academy  of  Arts  and  Sciences. 
„  Society  of  Natural  History. 

Breslaw. — Silesian  Society. 

Brisbane.— Queensland  Branch,  Greographical  Society  of  Austraksia. 
Bristol. — Bristol  Naturalists*  Society. 
Brussels.— Royal  (jeographical  Society  of  Belgium. 
Royal  Malacological  Society  of  Belgium. 
Royal  Natural  History  Museum  of  Belgium. 
Bucharest.— Geological  Bureau. 
Budapest. — Hungarian  National  Museum. 

„  Royal  Geological  Institute,  Hungary. 

Buenos  Aires. — National  Academy  of  Sciences,  Cordoba. 
Buffalo. — Society  of  Natural  Sciences. 
Calcutta.— Agricultural  and  Horticultural  Society. 
„  Asiatic  Society  of.  Bengal. 

„  Editor,  Indian  Engineer. 

„  Indian  Museum. 

„  Meteorological  Department,  (Jovernment  of  India. 

Survey  of  India. 
The  Calcutta  University. 
Cambridge. — ^Philosophical  Society. 
Cambridge  Mass. — Museum  of  Comparative  Zoology. 

'  Christiania. — ^Editorial  Committee,  Norwegian  North  Atlantic  Expedition. 

Cincinnati. — Society  of  Natural  History. 
Copenhagen. — Royal  Danish  Academy. 
Dehra  Dun. — Great  Trigonometrical  Survey. 
Delft. — Polytechnic  School. 
Dijon. — Academy  of  Science  and  Arts. 
Dresden. — ^Isis  Society. 
Dublin. — Royal  Geological  Society  of  Ireland. 
„  Royal  Dublin  Society. 
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DuBLiN.-^Royal  Irish  Academy. 
„  Science  and  Art  Museum. 

Edinburgh. — Royal  Scottish  Society  of  Arts. 
„  Scottish  Geographical  Society. 

Geneva. — Physical  and  Natural  History  Society. 
Glasgow. — Glasgow  University. 
„  Philosophical  Society. 

Hamilton,  Canada. — ^The  Hamilton  Association. 

Harrisburg. — Second  Geological  Survey  of  Pennsylvania. 

Hobart. — Royal  Society  of  Tasmania. 
Konigsberg. — Physikalisch-Okonomische  Gesellschaft. 
Lausanne. — Vaudois  Society  of  Natural  Sciences. 
Li]6ge. — Geological  Society  of  Belgium. 
Lisbon. — Geological  Survey  of  Portugal. 
London. — ^British  Museum. 
„  Geological  Society. 

,,  Iron  and  Steel  Institute. 

Linnean  Society. 

Royal  Asiatic  Society  of  Great  Britain  and  Ireland. 
Royal  Geographical  Society. 
Royal  Institute  of  Great  Britain. 
Royal  Society. 
Society  of  Arts. 
Zoological  Society. 
Madrid. — Geographical  Society. 

„  Royal  Academy  of  Sciences. 

Manchester. — Geological  Society. 

„  Literary  and  Philosophical  Society. 

Melbourne. — Department  of  Mines  and  Water-Supply,  Victoria. 
„  Geological  Society  of  Australasia. 

Milan. — Royal  Institute  of  Science,  Lombardy. 
„        Society  of  Natural  Science. 
Montreal. — Geological  and  Natural  History  Survey  of  Canada. 
„  Royal  Society  of  Canada. 

Moscow. — Imperial  Society  of  Naturalists. 
Naples. — Academy  of  Science. 
Newcastle-on-Tyne. — North  of  England  Institute  of  Mining  and  Mechanical 

Engineers. 
New  Haven. — ^The  Editors  of  the  "  American  Journal  of  Science.' 
Paris. — Geograpical  Society. 
„        Geological  Society  of  France. 
„        Mining  Department. 
Penzance. — Royal  Geological  Society  of  Cornwall. 
Philadelphia. — Academy  of  Natural  Sciences. 
„  American  Philosophical  Society. 

n  Franklin  Institute. 
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Pisa. — Society  of  Natural  Sciences,  Tuscany. 
Rome. — Royal  Geological  Commission  of  Italy. 
„         Royal  Academy* 
RooRKEE. — ^Thomason  College  of  Civil  Engineering. 
St.  Petersburg. — Greological  Commission  of  the  Russian  Empire. 
,,  Imperial  Academy  of  Sciences. 

Salem  Mass. — American  Association  for  the  Advancement  of  Science. 
,,  Essex  Institute. 

„  Peabody  Academy. 

San  FRANcisco.^Califomia  Academy  of  Sciences. 
Shanghai. — China  Branch,  Royal  Asiatic  Society. 
Singapore. — Straits  Branch,  Royal  Asiatic  Society. 
Strasburg. — Royal  University. 
Sydney. — Australian  Museum. 

„  Department  of  Mines,  New  South  Wales. 

„  Unnean  Society  of  New  South  Wales. 

„  Technological,  Industrial  and  Sanitary  Museum. 

Toronto. — Canadian  Institute. 

TuRiN.^-Boyal  Academy  of  Sciences. 
Venice. — Royal  Institute  of  Science. 
Vienna. — Imperial  Academy  of  Sciences. 
Imperial  Geological  Institute. 
Imperial  Natural  History  Museum. 
Washington. — National  Academy  of  Sciences. 
„  Philosophical  Society. 

„  Smithsonian  Institution. 

„  United  States  Geological  Survey. 

Wellington. — Geological  Survey  of  New  Zealand. 
„  New  Zealand  Institute. 

Yokohama. — ^Asiatic  Society  of  Japan. 
„  German  Naturalists'  Society. 

„  Seismological  Society. 

York. — Yorkshire  Philosophical  Society. 
The  Secretary  of  State  for  India. 
The  Governments  of  Bengal,  Bombay,  Madras,  North-Western  Provinces  and 

Oudh,  and  the  Punjab. 
Chief  Commissioners  of  Assam  and  Burma. 
The  Commissioner  of  Northern  India  Salt  Revenue. 
The  Resident  at  Hyderabad. 
Foreign,  Home,  and  Revenue  and  Agriculture  Departments. 
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Field-notes  from  Afghinistin  :   {No.  4)— -from  Tiirkistin  to  India, 

by  C.  L.  Griesbach. 

Introduction. — llie  return  march  of  the  Afghdn  Boundary  Commission  to  India, 
over  the  Hindu  Kush  and  through  Kabul,  completed  my  geological  reconnaissance  of 
Afghanistan,  and  it  has  in  a  certain  degree  connected  my  work  with  that  of  my 
colleagues  on  the  north-western  frontier  of  India. 

As  I  have  had  nearly  always  to  conform  closely  to  the  movements  and  march  of 
the  Commission,  opportunities  for  geological  observations  were  naturally  esrtremely 
limited,  but  my  chief  regret  in  connection  therewith  is,  that  I  could  not  devote  more 
time  to  the  country  lying  north  of  the  Hindu  Kdsh. 

I  received  permission  to  march  to  Charikdr  in  advance  of  the  Mission  head  .quar- 
ters, which  moved  two  days  behind  me.  I  therefore  left  the  Tangi  Shadidn  (south- 
east of  Balkh)  on  the  i8th  September  1886,  and  marched  through  Tashkhurghan  and 
Haibak  to  Ghori,  which  is  one  of  the  districts  of  Badakhshin.  Thence  I  went  over  the 
Chahirdar  pass  to  Sidh  Gird,  from  where  I  made  an  excursion  to  Farinjal.  From 
BiSrj-i-GdUJin  I  was  recalled  to  meet  H.  B.  M.'s  Commissioner  at  Sidh  Gird.  The 
remainder  of  the  march  to  India  brought  us  through  Charikdr  and  Kabul  by  the 
Khaibar  route  to  Peshawar,  where  we  arrived  on  the  ist  November,  having  altogether 
been  absent  from  India  two  years  and  two  months. 

Physical  Ceo^raphy. — Regarding  the  geographical  features  of  the  country  north 
of  the  Hindu  Kush  which  I  traversed  on  this  return  march,  there  is  little  to  say  in 
addition  to  the  description  given  in  my  last  paper  of  the  area  between  Bamian  and 
Tashkhurghan. 

Between  Haibak  and  the  Chahardar  pass  I  crossed  the  south-west  comer  of 
Badakhshdui  the  general  physical  characters  of  which  may  be  said  to  be  a  continua- 
tion of  the  country  between  Haibak  and  the  main  watershed.  It  is  drained  by  the 
headwaters  and  affluents  of  the  Kundiiz  and  Aksarai  rivers ;  the  latter  in  its  upper  course 
being  known  as  the  Sdrkh  Rdd.  I  had  to  cross  its  main  branch  near  Dahdna  Iskdr, 
where  I  found  it  a  considerable  volume  of  water,  flowing  in  a  deep  valley  of  erosion. 
Numerous  smaller  streams  drain  from  the  main  range  of  the  Hindu  Kdsh  into  the 
Sdrkh  Rdd,  and  most  of  these  deep  branch.valleys  form  routes  to  and  over  the  Hindu 
Kdsh  into  the  valley  of  the  Ghorband  river,  which  with  its  many  branches  forms  one 
of  the  headwaters  of  the  Kabul  river. 

Orographical  and  geotectonic  features. — ^The  outline  description  which  I  have 
given  of  the  ranges  between  Bamidn  and  the  Tdrkistdn  plain  in  my  former  report, 
equally  applies  to  the  entire  section  between  India  and  the  Oxus,  as  far  as  regards 
the  general  character  and  origin  of  the  hill  ranges.  That  is  to  say,  it  is  a  more  or 
less  continous  succession  of  anticlinals  between  Attock  on  the  Indus  and  the  plains 
of  Tdrkistin,  arranged  in  lines  running  more  or  less  from  west  to  east.  These  are 
accompanied  by  outbursts  of  igneous  rocks  along  far  stretching  fissures  of  probably 
post-cretaceous  age  amongst  which  syenitic  granite  and  traps  are  most  conspicuous. 

The  lines  of  fissure  correspond  generally  with  the  direction  of  the  anticlinals.. 
although  at  several  points  the  reverse  is  clearly  seen.    Whether  the  latter  case  holdf 
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good  in  the  ranges  which  form  the  system  of  the  north-east  Hindu  KiSsh  and  the 
ranges  of  Kafirist^n  I  cannot  say,  but  think  it  is  probable. 

Intrusions  along  lines  of  fissures,  some  of  them  on  a  very  large  scale,  are  seen  in 
the  Hindu  Kdsh  range,  the  Paghmdn  hills,  the  hills  around  Kabul  and  east  of  that  city 
where  they  form  the  eastern  Lataband  and  many  of  the  minor  ranges  on  the  route  to 
India. 

An/iclinals  of  the  Kara  Koh  and  Karmard. — ^The  high  artticlinals  of  the  Kara 
Koh  and  the  Karmard  neighbourhood  flatten  out  considerably  as  they  strike  east- 
wards, forming  wide  depressed  table  lands  between  the  lines  of  folds.  Such  for 
instance  are  the  flats  south-east  of  Haibak  and  Ghori,  which  are  divided  by  widely 
arched  anticlinals.  South  of  Ghori  the  cretaceous  rocks,  which  form  the  main  mass 
of  the  country,  rise  again  into  a  series  of  wide  arches,  which  are  eventually  lost  or 
at  least  very  much  obscured  by  the  eruptive  rocks  of  the  Hindu  Kush.  The  Zind« 
jitak  Kotal  for  instance  leads  over  one  of  these  wide  anticlinals,  the  southern  flank 
of  which  is  denuded  by  the  system  of  the  Sdrkh  Rdd.  The  Hindu  KiSsh  is  formed 
probably  by  a  system  of  parallel  flexures,  which  result  in  a  series  of  separate  ranges 
as  it  were,  but  the  structure  is  greatly  obscured  by  intrusive  igneous  rocks,  chieflj 
homblendic  granite,  which  has  altered  the  neighbouring  formations  into  metamor* 
phicschists.  The  main  mass  of  the  Hindu  Kdsh  is  a  mighty  chain  with  elevations 
of  from  14  to  16,000  feet  even  in  its  south-western  portion,  and  it  bears  distinct  traces 
of  having  undergone  extensive  glaciation  in  recent  geological  times. 

The  eastern  half  of  my  last  section  in  Afghanistan  belongs  to  the  drainage  of  the 
Indus,  by  the  basin  of  the  Kabul  river,  which  with  its  many  affluents  has  deeply 
eroded  the  southern  slopes  of  the  Hindu  Kdsh  and  the  ranges  south  and  east  of  it. 

The  country  still  bears  the  same  character  of  great  anticlinal  folds  forming 
parallel  ranges,  with  intrusions  of  granite  and  trap  which  have  metamorphosed  the 
greater  part  of  the  sedimentary  strata  composing  these  ranges.  Here  the  general 
strike  of  the  intrusions  is  across  the  direction  of  the  anticlinals,  being  mostly  in  a 
line  from  south-west  to  north-east,  whereas  the  direction  of  the  anticlinals  is  nearly 
uniformly  from  west  to  east. 

Literature. — ^The  literature  relating  to  matters  connected  with  the  geology  or 
mineral  resources  of  Afghanistan  is  very  limited,  and  is  mostly  confined  to  descriptions 
of  places  and  districts  on  the  frontier  or  of  Southern  Afgh^istan. 

The  only  authors  which  I  found  treating  of  geological  matters  connected  with 
Northern  Afghanistan  are  the  following : — 

P.  B.  Lord — Some  account  of  a  visit  to  the  plain  of  Koh-i-Ddmdn,  the  mining 

district  of  Ghorband,  and  the   pass  of  Hindu  Kdsh,  ^.,  Jour.  As.  Soc. 

Beng.,  Vol.  VII,  page  521. 
J.  Prinsep — Report  on  ten  specimens  of  coal  from  Capt.   Burnes.  Jour.  As. 

Soc.  Beng.,  VII,  page  848. 
Major  Vicary — On  the  geology  of  the  Upper  Punjab  and  Peshawar.    Quart. 

Jour.  Geol.  Soc,  VII,  1851,  page  38. 
Dr.  A.  Fleming — On  the  Geology  of  part  of  the  Sulim^n  range.  Quart.  Jour. 

Geol.  Soc,  IX,  page  346. 
Capt.    Hay — Fossil    shells    discovered   in   the   neighbourhood   of    Bajgdh, 

AfghdnistAn.    Jour.  As.  Soc.  Beng.,  IX,  page  11 26. 
E.  E.  Drummond — On  the  mines  and  mineral  resuutces  of  Northern  Afghdni^- 

t^D.    Jour.  As.  Soc.  Beng.,  X,    page  74. 
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H.  B.   MBbLfcoTT--On  geological    specimens    from    AfghAnistdn.     Proc. 

.  As.  See.  Beng«,  1880,  page  3. 
H.  B.  Mbdlicott — On  rock-salt  from  the  Kuram  valley*    Proc.  As.  Soc. 
Beng.,  1880,  page  123. 

Gfohgy. -^The  geological  structure  of  the  section  between  Tilrkist&n  and 
Peshawar  is  simple,  in  spite  of  the  great  changes  which  have  taken  place  near 
the  numerous  intrusions  of  igneous  rocks. 

The  prevailing  rocks  belong  still  to  the  upper  cretaceous  period,  mostly  in  the 
form  of  hard  limestones  covering  with  a  thick  skin  the  greater  part  of  the  area 
traversed.  Below  this,  where  deep  erosion  combined  with  high  flexure  has  exposed 
the  base  of  the  cretaceous  series,  some  members  of  the  older  formations  appear. 
The  "red  grits''  and  dark  shales  of  the  upper  jurassics  are  easily  recognized,  and 
are  seen  at  several  places  ;  but  only  at  one  spot,  on  the  Fazdk  or  Baz&k  pass  north 
of  the  Chahdrdar  pass  in  the  Hindu  Kilsh,  did  I  see  any  rock,  which  could  be 
identified  as  older  than  Jurassic.  The  rock  in  question  is,  I  believe,  carboniferous,  and 
is  an  eastern  continuation  of  the  Paid  Kotal  (near  Bamidn)  carboniferous  limestone. 

The  greater  part  of  the  country  between  the  Hindu  Kdsh  and  Attock  shows 
little  more  than  metamorphic  and  igneous  rocks,  in  which  only  here  and  there  shoals, 
as  it  were,  of  the  upper  beds  of  the  mesozoic  series  were  left  intact,  and  those  often 
are  highly  metamorphosed. 

Part  of  the  return  march  to  India,  namely  the  distance  from  Shadidn  to  Haibak, 
was  over  ground  I  had  already  visited  and  described.^ 

Descripiion  0/ section  between  Shadidnand  India, — Starting  from  Shadiin,  south- 
east  of  Balkh,  I  descended  into  the  Bactryan  plain,  part  of  the  great  valley  of  the 
Oxus,  now  filled  with  tertiary  and  recent  strata  and  which  is  in  process  of  dividing 
into  two  separate  and  parallel  valleys. 

I  have  had  no  better  opportunity  this  time  of  examining  in  detail  the  tertiary 
beds  of  Tashkhurghan.  In  lithological  character  the  Tashkhurghan  series  is  not 
distinguishable  from  the  Mathar  or  Bamilm  rocks.  On  a  base  of  lower  tertiaries  and 
miocene  marine  clays  '  rests  an  enormous  thickness  of  freshwater  beds,  chiefly  buff 
and  reddish  coloured  hard  clays  and  sandstone,  plant  shales  and  grits,  belonging 
to  one  structural  whole  and  which  I  include  in  the  pliocene  series. 

They  rest  with  their  older  tertiary  base  conformably  on  the  upper  cretaceous 
(Exogyra)  limestone,  cyid  are  with  the  latter  contorted  and  raised  up,  here  and  there 
even  vertically.  Near  Tashkhurghan  the  hard  Exogyra  limestone  beds  pass  at  an 
angle  of  about  75"  to  So""  under  the  tertiaries,  the  whole  series  being  favourably 
exposed  "by  the  Tashkhurghan  river  which  forms  a  transverse  valley  (one  of  the 
finest  gorges  in  Tdrkistan)  through  the  entire  series. 

The  road  to  Haibak  leads  along  the  valley  of  this  river,  which  cuts  transversely 
through  the  whole  system  of  flexures.  Apparently  there  is  a  wide  open  synclinal 
north  of  Haibak  which  is  bounded  on  the  north  by  several  narrow  anticlinals  and 
sharp  folds.     Inside  the  synclinal  north  of  Haibak  some  members  of  the  tertiary 

*  Rect,  Vol.  XIX,  page  235. 

*  Mr.  Nej  Elias  brought  specimens  of  Ostrea  mutticostata,  Desh.  var.,  from  the  bods  of 
Tashkhurghan.  It  is  a  miocene  species,  identical  with  similar  forms  found  in  the  Herat 
proTince  and  at  Kilif. 

C  a 


20  Records  of  the  Geological  Survey  of  India,  [VOL.  XX. 

system  are  inclosed  and  can  easily  be  distinguished  by  their  bright  colouring  from 
die  underlying  dark  grey  cretaceous  limestone.  They  form  some  of  the  lower  slopes 
of  the  left  (west)  side  of  the  valley,  north-west  of  the  town  of  Haibak.  I  did  not 
examine  them  closely  as  they  were  too  far  off  the  line  of  march. 

Near  Haibak,  where  the  river  flows  through  this  synclinal,  it  forms  a  wide  and 
very  fertile  valley,  but  further  north  it  cuts  through  several  high  ahticlinals, 
producinsf  a  transverse  valley  with  precipitous  sides,  often  only  a  narrow  gorge,  as 
for  instance  near  the  village  of  S4yad  and  south  of  Tashkhurghan. 

The  geological  structure  is  exceedingly  well  exposed  in  this  gorge,  particularly 
near  Sdyid,  where  the  beds  of  the  Exogyra  limestone  are  highly  contorted.  The 
lowest  portion  of  the  anticlinal  is  seen  to  be  coarse  red  grits  and  brick  coloured 
sandstones  of  the  "red  grit  group"  (upper  Jurassic  or  neocomian).  The  centre  of 
the  flexure  is  just  south  of  the  Tashkhurghan  gorge  and  there  the  red  beds  dip  at  a 
steep  angle  below  the  Exogyra  limestone,  but  I  question  whether  I  could  have  made 
out  the  true  relation  of  these  red  grits  by  simply  marching  along  the  route  in  this 
gorge.  At  least  from  the  base  of  the  narrow  gorge  the  true  relations  of  the  red  grits 
to  the  cretaceous  limestone  are  not  quite  clearly  seen.  But  during  our  residence  at 
Shadidn  last  summer  I  observed  the  same  anticlinal  at  two  other  points.  The 
Shadian  streams  erode  the  cretaceous  limestone  down  to  the  red  grits,  which  are  in 
situ  about  a  mile  south  of  the  Tangi  Shadian,  and  they  underlie  the  cretaceous  lime- 
stone conformably. 

To  the  east  of  the  Shadian  valley  and  parallel  with  it  is  the  basin  of  Mir-Mdl,  a 
picturesque  highland  valley,  surrounded  by  enormous  and  precipitous  cliffs.  Here 
also  the  anticlinal  is  clearly  exposed  and  the  red  grits  are  seen  to  be  well  developed, 
forming  a  thick  band  of  densely  red-coloured  beds  near  the  centre  of  the  anticlinal ; 
they  dip  below  the  outer  (northern)  flank  of  the  arch,  and  also  disappear  below  the 
high  cretaceous  cliffs  which  form  the  southern  margin  of  the  Mdr-Mdl  valley.  The 
road  which  leads  from  Mdlr-Mdl  over  a  high  kotal  into  the  Tashkhurghan  river 
valley  (east  of  Mar-Mdl)  creeps  along  the  up  turned  edges  of  the  "  red  grits." 

The  Balkh-ab  also  traverses  the  same  anticlinal,  and  the  structure  of  it  is  laid 
bare  on  the  steep  hillsides  forming  the  valley  through  which  the  Balkh-ab  escapes  to 
the  Turkistan  plain.  1  have  not  been  on  the  spot  itself,  but  a  clear  view  of  the 
section  may  be  seen  from  the  high  points  south  and  south-east  of  the  Shadidn 
valley.  The  "  red  grits  "  are  also  here  laid  bare  below  the  overlying  Exogyra  lime- 
stone. 

The  thick  group  of  limestone  beds  which  rest  seemingly  conformably  on  the 
"red  grits  "  at  Shadidn  and  the  ground  east  of  it,  shows  much  the  same  character 
which  distinguishes  this  formation  in  other  parts  of  Tdrkistan.  It  forms  high  pre- 
cipitous cliffs,  generally  of  a  very  uniform  white  to  grey,  thickly  bedded  limestone, 
which  besides  corals  also  contains  Exogyra,  Ostrea,  Hippurites  sp.,  Inoceramus, 
Terebratula,  etc. 

In  some  places  the  limestone  is  porous,  soft  and  chalky  with  strings  and  nests  of 
flints.  The  upper  beds  of  it  are  a  white  porous  limestone  and  shell  breccia  with 
many  fossils,  chiefly  bivalves,  amongst  which  a  large  species  of  Ostrea  is  conspi- 
cuous. I  observed  this  upper  horizon  especially  well  developed  at  Kafir  Kala, 
about  1 1  miles  south  of  Shadidn,  and  on  the  high  ground  between  these  points,  where 
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it  forms  the  gently  undulating  grassy  doWns  which  cap  the  Shadiin  anticlinal,  and 
then  gradually  slope  down  to  the  synclinal  depression  south  of  it. 

Lithologically  this  horizon  is  identical  with  the  uppermost  beds  of  the  cretaceous 
series  of  North- West  Afghanistdn ;  the  cliffs  of  Houz-i-Khudd,  between  Chak^u 
and  Kalandu  north  of  Herat  consist  of  precisely  the  same  rock,  and  seem  also  to 
contain  similar  fossils.  It  is  quite  possible  that  this  portion  of  the  Exogyra  limestone 
series  will  have  to  be  included  in  the  lower  eocene.  The  latter  seems  closely  con- 
nected with  the  upper  cretaceous  group  in  Western  Persia  and  the  Armenian  frontier 
and  a  distinct  division  between  the  two  formations  is  nowhere  visible. 

On  the  route  from  Tashkhurghan  to  Haibak  the  character  of  the  cretaceous 
group  remains  the  same  throughout,  and  I  believe  that  the  entire  thickness  (about 
2,5cx)  feet)  of  limestones  aud  marls  which  composes  this  formation  represents  the 
upper  cretaceous  horizon.  I  could  not  discover  any  unconformity  between  the  latter 
and  the  upper  Jurassic  red  grits  which  are  seen  to  underlie  the  former  near  Sayad, 
south  of  Tashkhurghan,  at  Mdr-Mdl  and  places  west  of  it.  That  this  is  not  the  case 
in  all  sections  is  well  shown  in  the  cliffs  immediately  south  of  Haibak,  near  the 
village  of  Doib,  where  the  unconformity  between  the  red  grits  and  the  Exogyra 
limestone  is  very  marked.     (See  Records,  Vol.  XIX,  page  249.) 

Haibak  itself  lies  in  a  wide  synclinal  in  which  some  few  remains  of  tertiary  beds 
are  traceable.  They  form  the  low  slopes  and  terraces  on  the  left  side  of  the  valley, 
and  are  evidently  conformable  to  the  underlying  cretaceous  formation. 

The  road  from  Haibak  to  Dahdna  Ghori  crosses  two  low  kotals,  east  of  the  Kotal  • 
i-Archa  and  a  spur  which  separates  the  Chasma  Shir  basin  from  that  of  Dahdna 
Ghori. 

Both  these  kotals  cross  ranges  which  are  the  continuation  of  the  anticlinals  of 
Rui  and  Dodb,  south  of  Haibak.  Between  each  of  them  extend  wide  synclinal 
troughs,  which  even  become  depressed  tablelands  with  nearly  horizontal  bedding. 
The  latter  is  well  seen  between  Haibak  and  the  Kotal  on  the  road  to  Hobdt.  I 
believe  some  of  the  lower  cretaceous  marls  crop  up  below  the  Exogyra  limestone  ; 
the  lithological  character  is  precisely  identical  with  the  white  Baculite  marls  of 
Zulfikir  and  Zorabdd.  None  of  the  Jurassic  or  older  formations  crop  up  along  this 
route. 

Near  Robdt,  on  the  road  to  Dahdna  Ghori,  and  between  the  latter  place  and  the 
Kotal-i-Zinjitak  trap  dykes,  with  bosses  and  strips  of  syenitic  granite  traverse  the 
cretaceous  limestone.  Towards  the  Kotal-i-Zinjitdk  the  number  of  these  intrusions 
increases  rapidly  and  they  widen  in  extent.  The  direction  of  the  dykes  runs  more 
or  less  parallel  with  the  strike  of  the  anticlinals,  and  south  of  the  Zinjitik  Kotal  the 
only  prevailing  rocks  are  of  igneous  nature.  One  enters  there  a  broad  belt  of  intru. 
sive  rocks  with  some  inclusions  of  semi-metamorphic  strata,  forming  the  main  range 
of  the  Hindu  Kush  between  the  Sdrkh-Rdd  and  the  Ghorband  valley. 

The  same  formation  of  more  or  less  altered  strata  with  intrusions  of  granite  and 
traps  is  seen  from  the  south-western  comer  of  Badakhshdn  to  Attock  on  the  Indus. 
I  believe  it  is  possible,  however,  to  distinguish  the  main  divisions  of  groups  in  spite 
of  the  alteration  which  has  taken  place  near  the  contact  with  the  igneous  rocks. 

How  clearly  defined  the  boundary  of  the  igneous  belt  with  th6  cretaceous  lime- 
stone is,  may  be  seen  from  the  heights  above  the  Dahdna  Iskar  or  from  the  Kotal-i- 
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Fazik  (elevation  above  sea-level  10,000  feet),  south  of  the  former.  Looking  back 
on  to  the  country  lying  northwards,  the  dark  traps  and  granitic  rocks  contrast  strongly 
with  the  light  coloured  limestones  of  the  cretaceous  formation.  The  igneous  in- 
trusions form  quite  a  network  of  dark  lines  near  the  boundary  of  the  cretaceoiis 
limestone,  and  this  can  be  seen  to  extend  far  away  east  and  westwards  of  the 
Zinjitdk  Kotal.    The  boundary  runs  almost  due  west  and  east. 

From  that  point  to  the  Indian  frontier  there  is  very  little  change  in  the  geological 
structure.  The  most  prominent  amongst  the  igneous  rocks  of  the  Hindu  Kdsh  belt 
is  a  syenitic  granite,  apparently  of  the  same  lithological  character,  and  belonging  to 
the  same  mass  of  intrusion  as  the  granite  of  the  Northern  Ak  Robdt  Kotal,  south  of 
Saighdn.  I  found  the  syenitic  granite  in  great  force  as  a  wide  belt  between 
Chahdrdar  camping  ground  and  the  top  of  the  Chahdrdar  pass  i4>ioo  feet,  which  leads 
over  the  Hindu  Kdsh.  The  trend  of  this  belt  of  granite  is  almost  due  west  to  east  and 
seems  to  compose  the  greater  part  of  the  Hindu  Kdsh  range.  Besides  this  the  entire 
region  between  the  Sdrkh  Rdd  and  the  top  of  the  Chahdrdar  pass  is  traversed  by 
numerous  granite  veins  and  dykes.  The  entire  series  of  sedimentary  beds  which  occupy 
the  ground  between  the  granite  intrusions  has  been  completely  altered  by  ihe  latter, 
and  has  been  converted  into  a  succession  of  metamorphic  strata.  The  prevailing 
rock  is  a  gneiss  with  mica  schists,  but  dark  coloured  phyllites  with  enclosed  indurated 
limestone  are  also  common.  Near  Sar-i-Iskdr  great  trap  masses  have  intruded  in  the 
syenitic  granite  and  are  found  as  dykes  throughout  the  mass  of  hills,  over  which  the 
Kotal-i-Fazdk  leads.  The  top  of  the  latter  shows  a  few  fragments  or  shoals  of  hard 
grey  limestone,  locally  converted  into  a  sugar-grained  white  marble,  which  I  believe 
(on  purely  lithological  grounds  only)  to  be  cretaceous.  In  that  case  I  may  perhaps 
look  upon  the  metamorphic  beds  immediately  underlying  the  white  marble  as 
representing  the  **  red  grits  "  and  the  plant-bearing  series.  Below  this  section  of  tfie 
metamorphic  series,  on  the  south  slope  of  the  Kotal-i-Fazdk,  I  noticed  some  beds  of 
very  hard  splintery,  dark  limestone,  which  underlies  the  metamorphic,  subcre- 
taceuUs  series  comformably.  In  it  some  sections  of  shells  (brachiopods)  are 
visible,  and  sections  of  encrinites  are  not  uncommom.  It  would  be  difficult  to 
assign  any  definite  age  to  this  limestone,  but  the  lithological  character  of  it  is  very 
similar  to  that  of  the  carboniferous  limestone  of  the  Paid  Kotal  near  Bamidn,  whilst 
its  geographical  position  in  the  strike  of  the  latter  would  point  to  the  possibility  <^  the 
palaeozoic  series  also  being  represented  in  the  Hindu  Kdsh. 

Between  this  point  and  the  Koh-i-Ddman  near  Chdrikar  the  Hindu  Kdsh  is  seen 
to  be  formed  by  a  succession  of  anticlinal  folds,  traversed  by  igneous  rocks>  amongst 
which  syenitic  granite  is  again  very  conspicuous.  As  the  whole  complex  of  sedi- 
mentary strata  is  entirely  changed  by  contact  with  these  intrusive  rOcks,  any  corre- 
lation with  the  sedimentary  groups  of  Tdrkistdn  must  be  very  uncertain. 

As  I  have  shown,  the  section  of  the  Fazak  pass  may  represent  the  whole  seriefs 
from  the  carboniferous  to  the  cretaceous  formation.  The  lowest  and. highest  beds  of 
the  series  at  least  have  some  lithological  characters  in  common  with  these  two 
formations. 

Immediately  south  of  the  Fozak  Kotal,  near  the  camping  ground  of  Chahdrdar 
great  masses  of  intrusive  hornblende  granite  appear  and  south  of  it  nothing:  else  is 
seen  but  various  varieties  of  the  same  rock  until  the  top  of  the  Chahdrdar  pass 
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(14,100  feet)  is  reached  where  a  few  shoals  of  limestone  are  enclosed  in  the  granite  and 
have  been  converted  into  a  fine-grained  white  mai^le.  South  of  the  pass,  on  the 
slopes  of  the  Hindu  Kdsh  which  lead  down  to  the  Ghorband  valley,  large  masses, 
some  showing  traces  of  the  original  structure,  of  light  grey  limestone  rest  seemingly 
conformably  on  a  series  of  semi-metamorphic  rocks,  closely  resembling  in  litho 
logical  character  the  series  of  the  Fazdk  pass*  In  the  gorge  of  the  Ghorband  river 
between  Bdrj-i-Gdl  Jdn  and  Charikdr  I  also  noticed  several  thin  seams  of  impure 
graphite  in  beds  of  micaceous  schist,  which  resemble  the  altered  beds  and  graphite 
seams  of  the  section  between  Ak  Robdt  and  Saighdn. 

If  my  supposition  is  correct  that  these  beds  are  identical  with  the  Faz^k  Kotal 
series  and  also  with  the  Paid  and  Ak  Robdt  Kotal  section,  then  it  would  appear  that 
the  carboniferous  and  supra-carboniferous  beds  of  Saighdn  strike  across  the  Hindu 
Kdsh,  and  form  a  wide  belt  of  greatly  crumpled  strata,  which  have  been  traversed  and 
intruded  by  igneous  rocks,  amongst  which  the  most  conspicuous  is  a  hornblendic 
granite.  The  belt  of  the  latter,  which  is  only  of  narrow  width  north  of  the  Ak  Robdt 
Kotal  nearJSaighdn,  widens  out  so  tremendously  that  the  entire  main  range  of  the 
Hindu  Kdsh  where  I  crossed  it  seems  formed  of  it.  It  appears  therefore  that  the 
belt  thins  out  westwards ;  and  in  all  probability  it  will  be  found  that  in  the  valley  of 
the  Upper  Balkh-db  (Rdd-i-Band-i-Amir)  a  carboniferous  section  will  be  found, 
free  from  disturbing  granite  intrusions. 

On  both  sides  of  the  Hindu  Kdsh  there  are  also  cretaceous  rocks  (limestones) 
resting  on  the  older  and  altered  strata ;  here  I  could  not  detect  an  tmcomformity, 
which  is  very  plainly  seen  in  the  Bami4n  Haibak  sections. 

The  remaining  distance  from  Charikir  to  Peshawar  was  done  by  long  marches  and 
along  a  made  road,  which  offered  few  good  opportunities  of  making  geological 
observations.  The  valley  and  basin  of  Kabul  itself  is  chiefly  composed  of  igneous 
rocks  (hornblendic  granite  and  traps)  with  some  few  portions  of  altered  strata,  which 
crop  up  at  a  few  places  near  the  margin  of  the  valley,  and  which  form  the  ranges  of 
the  Takt-i-Shdh,  the  Sher  Darwaza,  the  range  west  and  north  of  the  Kabul  lake,  <&c. 
The  valley  is  filled  up  by  recent  and  sub-recent  formadons  which  form  the  rich  soil 
for  which  Kabul  has  been  famous  since  the  earliest  times. 

Far  to  the  east  and  north-east,  light  grey  precipitous  cliffs  are  seen  to  overlie 
the  dark  igneous  and  altered  series  of  Kabul,  and  I  believe  I  may  not  be  far  wrong  in 
identifying  these  light  coloured  cliffs  with  the  upper  cretaceous,  which  plays  such  an 
important  role  in  the  structure  of  Afghdnistdn. 

The  hills  of  Bdtkhdk,  through  which  the  Kabul  river  has  formed  a  narrow  gorge, 
theTangi  Ghdru,  consist  of  the  well-known  red  grit  group  with  overlying  cretaceous 
limestone  of  typical  character.  The  section  dips  east,  but  I  found  that  the  Lataband 
and  the  hills  eastwards  are  formed  by  a  succession  of  anticlinal  flexures,  some  of  them 
exceedmgly  perfect.  The  road  from  Bdtkhak  over  the  Lataband  pass  to  Seh-i-Bdba 
leads  over  a  succession  of  low  spurs  of  altered  cretaceous  limestone  and  igneous  rocks 
associated  with  the  latter.  The  rockm  «/«  on  each  side  of  the  valley  at  Seh-i-Bdba 
I  found  to  be  a  dark  trap  with  veins  and  masses  of  light  green  serpentine. 

Some  of  the  lower  spurs  on  that  route  are  hidden  under  thick  deposits  of  sub- 
recent  gravels  and  reddish  clays,  which  form  high  level  terraces  in  the  Kabul  river 
basin.    The  road  from  Seh-i-Bdba  to  the  head  of  the  Pari   Darra,  past  Jagdallak 
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fort  and  over  the  Jagdallak  pass,  leads  over  the  same  series  of  altered  strata.  Near 
Jagdallak  it  is  a  gneissose  schist,  highly  contorted.  Farther  on  the  road  skirts  this 
formation,  passing  over  a  succession  of  low  kotals  and  undulating  ground  (Pezw^ 
Kotal,  44th  hill,  &c.)  down  to  the  Gandamak  plain. 

I'he  greater  part  of  the  ground  so  traversed  is  composed  of  sub-recent  and  pos- 
sibly pliocene  formations.  The  uppermost  portion  of  them  is  composed  of  conglo- 
merates and  fine  reddish  grey  sandy  clay,  very  like  the  aerial  (loess)  formations  of 
the  Chdll.  The  lower  beds,  which  nearly  everywhere  show  a  decided  south-east  dip, 
are  chiefly  composed  of  soft  grey  (pepper  and  salt)  sandstones  and  flaggy  sandstone- 
shales  with  conglomerates.  These  deposits  bear  a  strong  resemblance  to  the 
Manchhars  and  Upper  Siwaliks  and  are  quite  distinct  from  the  conglomerates  and 
sands,  which  are  discordantly  reposing  on  them. 

Between  Gandamak  and  Rozabid  the  road  crosses  a  series  of  low  spurs  all  run- 
ning more  or  less  north  or  north-east;  they  are  all  composed  of  soft  sandstones  and 
conglomerates  (Upper  Siwaliks)  with  a  rolling  dip  to  the  east  and  are  overlaid  by 
horizontally  bedded  loess  and  conglomerates  of  recent  origin.  The  latter  forms 
wide  gravelly  terraces  or  low  plateaux,  ending  in  steep  scarps. 

East  of  Rozabdd,  the  higher  ranges  come  close  up  to  the  river,  and  consist  there 
of  altered  strata,  highly  contorted,  grey  gneissose  schists,  and  intrusions  of  trap  and 
serpentine,  which  form  quite  a  network  of  dykes  and  veins  in  the  crystalline 
schists.  The  same  formations  are  seen  to  be  in  situ  on  the  opposite  side  of  the 
Sdrkh-ib,  in  the  Si^h-Koh  range.  The  valley  widens  out  to  extensive  and  very  fertile 
alluvial  plains  near  Jalalabad  and  Chah^deh.  The  road  skirts  the  more  or  less 
solated  ranges  east  of  Ali  Boghdn  and  the  hills  of  Basawal.  They  consist  of  altered 
strata  and  schists  with  trap  intrusions,  and  are  part  of  the  Sidh-Koh  structurally. 

The  same  remarks  apply  to  the  spurs  which  are  crossed  between  Basawal  and 
Dakka  on  the  south  side  (right  bank)  of  the  Kabul  river. 

Near  Haft  Chdh,  the  road  enters  the  narrow  valley  which  leads  to  the  Lundi- 
Kotal.  The  prevailing  rock  is  altered  limestone  (cretaceous  ?)  and  schist,  amongst 
the  latter  a  fine-grained  grey  gneiss  with  mica  schist  and  greenish  grey  phyllites. 
No  change  of  rock  is  perceptible,  excepting  that  some  of  the  grey  limestone  near 
the  west  entrance  into  the  Khaibar  pass  seems  less  altered  and  closely  resembles 
the  upper  cretaceous  limestone  of  Afghdnistdn.  Similar  rock  is  seen  near  the  east- 
ern (Indian)  entrance  into  the  Khaibar.  I  have  looked  in  vain  for  fossils  in  any  of 
the  rocks.  The  Khaibar  limestone,  however,  is  undoubtedly  part  of  the  same  lime- 
stone formation  which  forms  the  Kohat  pass  and  Afridi  hills  south  of  the  Peshawar 
plain,  which  are  cretaceous  and  are  overlaid  conformably  by  the  nummulitic  lime- 
stone of  the  Kohat  District. 

Notes  made  during  the  last  war  in  Afghanistan, — As  will  be  seen  from  these 
notes  on  the  country  between  Kabul  and  Jamrdd,  the  section  is  not  a  very  favour- 
able  one ;  fortunately  we  possess  a  few  stray  notes  on  the  neighbouring  areas,  col- 
lected during  the  progress  of  the  last  war  which  afford  a  slight  aid  in  interpreting 
the  structure  of  this  part  of  Afghdnistdn. 

From  specimens  ^  which  were  brought  during  the  last  war  from  Northern  Afghdn- 

'  H.  B.  Medlicott,  l*roc.  As.  Soc.  Beng ,  1880,  p.  3. 
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ist^n,  it  appears  that  the  north  side  of  the  Sikaram  in  the  Saf^d  Koh  range  is  composed 
of  transition  rocks,  amongst  which  magnesian  and  calcareous  beds  predominate. 

From  the  western  flank  of  the  same  hill  and  from  an  elevation  of  about  io,cxx7 
feet,  Dr.  Aitchison  brought  specimens  of  unaltered  shales  with  fucoid  markings.  A 
similar  rock  is  in  situ  on  the  south  side  of  the  peak.  From  the  Shalinar  stream,  east 
side  of  the  Paiwar  Kotal,  a  pebble  of  Lithodendron  limestone  was  brought.  The 
latter  is  possibly  of  carboniferous  age.  It  would  appear  then  that  beds  of  palaeozoic 
age  accompanied  possibly  by  older  mesozoic  strata  exist  in  the  Saf^d  Koh  range 
and  form  the  highest  part  of  it.  Pebbles  of  palaeozoic  rocks,  probably  of  carboni- 
ferous age,  have  been  found  by  Major  N.  Vicary  ^  near  the  Khaibar  mouth  near  Jamrdd 
and  both  the  locality  last  named  and  the  Sikaram  beds  seem  to  belong  to  one  belt  of 
palaeozoic  strata,  of  which  the  Attock  section  is  the  eastern  continuation. 

The  group  of  altered  rocks  between  Jagdallak,  Gandamak,  and  Ali  Boghdn  may 
be  outliers  of  the  same  formation. 

Glacial,  Recent  formations, — In  my  former  paper,*  I  had  occasion  to  mention 
some  of  the  deposits  and  traces  of  former  glaciers  in  Afghin-Tdrkistin.  Since 
then  I  have  seen  by  far  the  most  perfect  instances  of  recent  glacial  action,  when 
crossing  the  Hindu  Kiish  by  the  Chahirdar  pass  in  October  1886.  The  road  which 
leads  from  Chapdarra  camping  ground  on  the  north  side  of  the  Hindu  Kilsh  to 
the  top  of  the  pass  ascends  a  narrow  straight  valley,  bounded  on  each  side  by  steep 
cliffs,  some  of  them  crowned  with  perpetual  snow.  The  bottom  of  the  valley  itself 
is  greatly  choked  and  partially  filled  with  debris,  which  might  be  simply  the  detritus 
from  the  hillsides.  Large  cones  and  fans  of  fragmentary  material  descend  from 
each  small  ravine  on  both  sides.  So  far  only  the  configuration  of  the  valley,  its 
nearly  straight  course  and  absence  of  larger  side  streams,  would  suggest  the  former 
presence  of  glaciers.  But  on  reaching  an  elevation  of  12,000  feet,  one  suddenly 
comes  to  a  huge  mass  of  debris,  which  closely  resembles  the  recent  accumulations 
near  the  lower  end  of  a  glacier.  Large  blocks,  some  of  them  of  immense  dimensions, 
are  loosely  mingled  with  angular  fragments  of  every  size  and  the  whole  is  arranged 
like  a  dam  across  the  valley.  The  hillsides  (gneiss)  are  polished  and  grooved  and 
the  blackened  surfaces  glisten  and  shine  in  the  distance  like  metal.  All  the  larger 
blocks  show  extensive  grooving  and  deep  ice-scratches  on  their  polished  sides. 
This  mass  of  debris  lies  at  the  base  of  a  terrace  filling  the  valley.  The  former 
glacier,  of  which  this  is  the  end  moraine,  was  on  the  upper  and  raised  portion  of 
the  valley.  The  latter  bears  the  remarkable  appearance  of  an  ice-worn  trough ;  it 
is  wider  than  the  valley  below,  and  its  base  is  now  partially  filled  by  finer  debris, 
through  which  a  small  stream  winds  its  way  amidst  a  series  of  swampy  pools.  It 
is  within  the  area  of  perpetual  snow  and  the  latter  with  frozen  patches  of  ice  lies 
on  the  hillsides  and  in  sheltered  depressions. 

The  valley  looks  as  if  the  glacier  had  only  quite  recently  left  it.  Moraines  and 
glacial  silt  still  lie  as  they  were  deposited.  The  head  and  catchment  area  of 
the  valley  close  to  the  top  of  the  pass  (i4>ioo  feet)  is  still  rather  thickly  covered 
with  frozen  snow. 

*  On  the  Geology  of  the  Upper  Punjab  and  Peshawar,  Quart.  Journ.  Gaol.  Soc.,  VII,  p.  38. 
»  Rec,  Vol.  XIX,  p.  263. 
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Glacial  tracts  on  the  south  slope  of  the  Hindu  Kitsh. — The  desoent  ffom  the 
Chahdrdar  pass  to  the  Deh-i-Tang  lies  down  a  narrow  valley  of  much  the  same 
character  as  the  one  just  described.  But  the  most  interesting  feature  in  connec- 
tion with  it  is,  that  in  this  valley  there  are  some  small  glaciers  still  remaining. 
Near  the  head  of  the  valley,  just  south  of  the  Chahirdar  pass,  at  an  elevation  of 
12,050  feet  above  sea-level,  several  small  side  ravines  join  ;  I  noticed  three  of  them 
were  still  filled  with  glaciers,  and  though  they  were  very  small,  the  moraine  ac- 
cumulations near  their  lower  ends  were  enormous.  Especially  the  one  from  the 
right  side  shoots  off  an  enormous  cone  of  large  fragments,  amongst  which  there 
are  some  very  good  examples  of  ice-scratched  blocks. 

Recent  conglomerates, — ^Both  in  Tdrkist^  and  the  neighbouring  South-western 
Badakhshdn  deposits  of  recent  and  sub-recent  conglomerates,  sands  and  clays  are 
largely  developed.  The  hills  which  skirt  the  cretaceous  anticlinals  between  Hai- 
bak  and  Dahdna  Ghori  are  formed  by  these  deposits  which  attain  there  a  great  thick- 
ness.   Similarly  the  valley  of  the  SiSrkh-ab  is  partially  filled  by  them. 

The  valleys  belonging  to  the  Kabul  river  drainage  south  of  the  Hindu  Kdsh 
are  to  a  large  extent  lined  with  terraces  of  conglomerates,  as,  for  instance,  the  wide 
terraces  of  Sidh-Gird,  Chahirdeh,  etc. 

These  conglomerate  terraces  form  quite  a  feature  in  the  landscapes  of  the 
road  east  of  Kabul,  amongst  which  I  may  mention  the  terraces  of  Gandamak  and 
Nimlah  Bagh. 

I  believe  these  accumulations  belong  to  the  same  age  as  the  Indus  gravel  beds, 
which  are  seen  to  skirt  the  hills  the  whole  way  from  Peshawar  to  Sind. 

In  the  next  number  of  the  **  Records  "  I  intend  giving  a  geological  map  of  Afghin- 
istdn  and  part  of  Persia  with  a  summary  of  the  geological  structure  and  mineral 
resources  of  Afghanistan. 

Calcutta,  ^jri  December  1S86. 


Physical  Geology  of  West  British  Garhwal ;  with  Notes  on  a  Route 
Traverse  through  Jaunsar  Bawar  and  Tiri-Garhwal,  by  C.  S,  MlDDLE- 
MISS,  B.A.,  Geological  Survey  of  India, 

Part  I. 

In  Part  2  of  the  Records  for   1885   I  described  a  fossiliferous  zone  of  pre- 
Introd  ct'  tertiary  age  amongst  the  old  mountain-building  rocks  whic! 

form  part  of  the  Lower  Himalaya  of  British  Garhwal.    Whe 
that  preliminary  notice  was  published  I  had  only  been  working  for  a  short  time 
'-'-♦  and  consequently  the  area  treated  of  was  confined,  and  no  generali? 

*^'nre  then,  having  spent  another  field  season  there,  I 
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able  to  make  seme  additions  to  omr  knowledge  of  the  stratigraphy  of  those  parts. 
Bat,  inasmuch  as  this  part  of  the  Himalaya  is  divided  from  gronnd  which  has  been 
already  geologically  surveyed  in  Jaunsar  Bawar  by  a  broad  strip  of  almost  com- 
pletely unknown  country,  vit.y  part  of  Tlri-Garhwal,  I  am  still  compelled  to  put 
aside  for  the  present  all  definite  correlation  between  the  rock  systems  displayed  in 
Jaunsar  and  those  upon  which  I  have  now  been  engaged.  In  consequence  of  this 
I  shall  still  adhere  to  the  method  observed  in  my  preceding  paper  of  naming  the 
series,  when  fossils  are  absent,  after  their  prevailing  lithological  character;  trusting  to 
time,  and  a  wider  experience,  to  eventually  make  them  one  with  the  old  established 
Himalaj^n  formations. 

British  Garhwal  has  been  topographically  surveyed  on  the  one-inch  scale,  and 
the  principal  object  of  my  first  season's  work  there  was  to  settle  down  on  some  part 
of  it  where  the  strata  showed  signs  of  falling  into  a  natural  order,  and  then  work 
from  that  point  as  closely  as  the  advantages  of  a  large-scale  map  would  admit. 

But,  before  doing  so,  I  went  through  Jaunsar  Bawar  (the  next  British  possession 
west-north-west  of  British  Garhwal)  for  the  purpose  of  making  myself  as  thoroughly 
acquainted  as  possible  with  that  already  mapped  district.  From  its  no  great 
distance  from  Garhwal  it  was  thought  that  it  might  have  many  points  of  similarity, 
and  so  give  one  new  to  Himalayan  work  a  useful  basis  to  go  upon. 

From  the  northern  extremity  of  Jaunsar  Bawar  I  rapidly  crossed  by  Tiri  through 
native  territory  until  I  struck  my  own  working  district  at  Srinagar  in  British  Garhwal. 

Before  coming  to  the  main  object  of  this  paper  I  shall  therefore  briefly  set  down 
a  few  somewhat  disjointed  notes  referring  to  my  route  traverse :  not  because  they 
have  any  intrinsic  value,  but  because  of  their  possible  bearings  on  past  or  future  work.^ 

The  southern  parts  of  Jaunsar  Bawar  were  examined  by  me  in  some  detail  with 
g  especial  regard  to  the  position  of  the  Mandhali  series  in  its 

^^  numerous  unconformable  appearances  near  Chakrata.     It 

is  not  my  province  to  describe  these  rocks,  with  the  questions  arising  from  which 

Mr.  Oldham  is  now  engaged,  but  the  numerous  examples  about  which  I  have  notes, 

frotn  their  containing  clear  blebs  of  quartz,  fragments  of  felsites  and  a  great  deal  of 

felspar  and  felspathic  material  scattered  about  in  the  matrix,  gave  me  the  idea  of  a 

xock  produced  by  the  degradation  (rf  felsites  or  granitic  rocks  and  produced  perhaps 

during  a  time  of  intermittent  volcanic  activity.    North  of    Chakrata,   the    high 

Deoban  ridge  up  to  Mandhali,  and  some  way  beyond,  was  wrapped  in  deep  snow, 

mhe  product  of  a  late  storm,  at  the  time  of  my  visit ;  and  work  was  therefore  curtailed 

Sn  a  great  measure.    What  I  saw  of  the  Mandhalis  there  left  no  doubt  in  my  mind 

^tt  to  their  identity  with  the  rocks   classed  as  the  same  a  little  south  of  Chakrata. 

At  Tiutar  (near  the  Tonse)  I  made  a  careful  examination  of  the  Chakrata  series 
^0  the  east  of  the  Konain-Mudhaul  fault,'  in  order  to  solve,  if  possible,  the  question 
^A  inversion,  and  whether  the  igneous  rock  was  intrusive  or  inter-bedded.    From 

'  To  make  these  route  observations  more  intelligible  it  may  be  noted  that  Mr.  Oldham's 
lawars  are  taken  by  him  to  be  about  on  the  horizon  of  the  base  of  the  infnuKrol  group  of  the 
>imU  section,  the  Mandhalis  being  older  still,  but  newer  than  the  Deoban  limestone  (see 
"Vd.  XVIII,  p.  4). 

*  See  R.  D.  Oldham's  "  Note  on  the  Geology  of  Jaunsar  and  the  Lower  Himalaya."    Rcc. 

\  Surv.  India,  Vol.  XVI,  1883, p.  193. 
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the  presence  of  what  appeared  to  be  thin  ash  beds,  associated  with  the  igneous  rock, 
I  at  first  felt  sure  both  must  be  inter-bedded,  but  until  microscopic  sections  are  cut 
there  is  a  possibility  that  they  may  turn  out  to  be  merely  crushed  and  pressure- 
foliated  diorites.  With  regard  to  inversion,  the  lie  of  the  beds  as  contrasted  in 
deep  gorges,  and  on  the  neighbouring  mountain  ;spurs  south-west  of  Tiutar,  inclined 
me  in  favour  of  the  supposition  of  inversion ;  for  to  the  eye  thsre  seems  to  be  a 
steepening  of  the  beds  in  towards  the  mountain ;  but,  on  the  other  hand,  the  lime- 
stone which  lies  apparently  immediately  below  the  igneous  rock  is-  a  very  whitey- 
grey,  compact,  and  marble-like  rock,  such  as  could  have  been  produced  by  the 
contact  metamorphism  of  the  igneous  rock.  In  addition,  south-west  of  Tesar 
Khera,  where  the  limestone  contains  some  magnetic  iron  in  small  crystals,  the 
contact  of  the  igneous  rock  has  in  places  altered  the  latter,  so  that  it  now  lies  as 
amorphous  lumps  filling  lacunaa  among  the  joints  of  the  limestone.  From  these 
facts  the  limestone  must  be  older  than  the  igneous  rock,  and,  if  the  latter  is  inter- 
bedded,  their  present  position  must  be  the  original  one,  and  the  inversion  theory 
cannot  be  maintained. 

From  Tiutar  I  rounded  the  north  end  of  Jaunsar  Bawar  and  left  British  territory 
at  the  head  of  the  Khunigadh  river  which  divides  Jaunsar  from  Tiri-GarhwaU 

From  the  Khunigadh  pass  I  descended,  in  a  south-east  direction,  to  Porohla. 
^ .  ^         .  Except  for  a  mile  or  so  from  the  pass,  where  there  were 

some  diorites  and  ash  (?)  beds,  there  was  nothing  met  with 

but  Bawar  quartzites  during  the  whole  descent.    They  lie  dipping  slightly  towards 

the  north-east  and  never  exceeding  an  angle  of  20°.    Their  colour  is  white,  and,  when 

o  seen  through  a  lens,  they  appear  to  be  made  up  of  little 

angular  fragments  of  clear  quartz  and  apparently  nothing 
else.  They  form  the  exceedingly  precipitous  ridge  west  of  Gundalho,  lying 
between  the  two  branches  of  the  Kamalada  river,  which  meet  at  Porohla.  The 
steep  bare  walls  into  which  they  weather  utterly  barred  my  progress  at  a  point  on  the 
map  above  the  /  of  Gundalho;  but,  with  their  low  dip  towards  the  north-east, 
they  appeared  to  continue  much  higher  up  towards  the  main  range  running  parallel 
to  the  Tonse.  I  have  no  doubt  that  these  are  identical  with  the  Bawar  quartzites  of 
Mr.  Oldham.  Porohla  lies  in  a  widened  and  flattened  valley,  given  over  to  cultiva- 
tion, and  called  the  Rama  Serai,  lying  to  the  north-north-east  from  the  village 
along  the  present  line  of  the  river. 

Along  its  bed  there  must  be  an  unseen  junction  between  the  Bawar  quartzites 

just  mentioned,  and  another  rock  which  is  petrologically  a  gneiss.    Unfortunately 

g    .  .  both  it  and  the  Bawars  themselves,  in  this  region,  have  so 

weathered  at  the  surface  that  in  the  few  exposures  that  I 
could  examine  in  a  hasty  march  I  found  no  reliable  junction  that  gave  me  a  clue 
as  to  the  nature  of  the  boundary.  This  excessive  weathering  into  a  fine  gravel  of 
the  separated  crystals  of  the  gneiss  and  the  disintegrated  grains  of  the  quartzite,  is 
probably  the  cause  of  the  flat  cultivated  stretch  of  the  Rama  Serai,  the  valley  of 
which  has  become  in  this  locality  choked  with  the  products  of  disintegration.  I 
had  the  gneiss  with  me,  gradually  emerging  from  its  weathered  covering,  up  to,  and 
beyond  Kumalo;  but,  when  the  position  indicated  on  the  map  by  the  /  in 
Kumalo  was  reached,  it  came  to  an  end,  and  Bawar  quartzite  and  some  schists 
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continued  np  to  the  ridge,  trending  north  from  Saulda  peak.  The  eastern  boundary 
of  this  gneissose  rock  runs  a  little  east  of  north  to  beyond  Dokri,  from  the  point  just 
mentioned.  This  boundary  is  as  difficult  to  unravel  as  the  western  boundary,  for 
the  uniform  Bawars  show  but  little  dip,  except  where  they  rise  in  escarpments,  or 
when  schists  come  in  among  them,  and  even  then  the  results  are  discordant. 

With  regard  to  the  gneiss  itself,  its  foliation  planes,  when  visible,  are  roughly 
horizontal  just  as  the  Bawars  are.  It  will  thus  be  seen  that  stratigraphically  no 
position  can  be  assigned  to  it  from  the  evidence  before  us,  for  it  is  not  known 
whether  the  boundaries  are  natural  or  faulted  ;  and,  from  the  nearly  horizontal  dip 
found  in  every  exposure,  an  average  actual  dip  cannot  be  deduced.  Then  again, 
I  have  no  evidence  to  bring  forward  as  to  whether  the  rock»  provisionally  named  a 
gneiss,  is  by  origin  a  gneiss  or  a  granite.  Petrologically  it  is  identical  with  the  rock 
of  the  Chor  mountain,  which  has  received  much  attention  from  Indian  geologists. 
That  rock,  by  Colonel  McMahon's  microscopical  evidence,  and  by  the  still  more 
convincing  evidence  of  large  and  numerous  included  fragments  of  schist  and 
quartzite  found  by  Mr.  Oldham  and  myself  during  the  season's  work  of  1883-84,  is 
by  origin  a  granite ;  but  whether  the  same  can  be  said  of  this  rock  depends  on 
how  far  an  exact  likeness  between  two  rocks  of  this  kind  is  to  be  deemed  conclu- 
sive of  their  identity.  At  the  same  time,  though  willing  myself  to  withhold  judg- 
ment until  more  extensive  mapping  has  been  done,  there  is  no  doubt  that  the  two 
rocks  in  so  far  as  their  mineral  characters  go  are  the  same.  There  are  the  same 
quartz  and  felspar,  with  sometimes  a  predominance  of  the  former ;  there  are  pale 
and  black  micas;  and  there  are  schorl  crystals,  developed  here  and  there,  and 
occurring  abundantly  in  cracks  and  veins,  just  as  they  did  in  the  gneissose  granite 
of  the  Chor.  In  some  places  I  found  a  decomposed  greenstone,  probably  a  dyke 
of  diorite,  in  the  gneissose  rock. 

From  the  east  edge  of  the  gneiss  I  crossed  the  ridge  north  of  Saulda  peak 
and  followed  a  tributary  of  the  Banale  river,  west  of  Kanal.  The  whole  of  the 
west  side  of  this  ridge  was  chiefly  composed  of  the  Bawar  quartzites,  showing  no 
evidence  of  dip,  except  a  general  horizontality.  At  the  summit  of  the  pass,  and  on 
the  east  side,  schistose  beds  came  on,  and  continued  until  some  inter-bedded 
diorites  and  dioritic  ashes  appeared  below  them.  Then  came  more  schists,  and 
finally  I  struck  in  the  stream  bed  a  massive  limestone  of  the  Deoban  tj'pe. 

It  will  thus  be  seen  that,  on  the  east  side  of  the  gneiss,  we  have  a  set  of  outcrops 
inversely  arranged  to  those  of  the  west  side.    The  following  will  illustrate  this : — 
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Bawar 
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Now,  the  steep  descent  from  the  ridge  into  the  tributary  of  the  Banale,  leaves  the 
impression  that  the  approximately  horizontal  beds  to  the  east  of  the  gneiss  rank  in 
order  of  superposition  from  the  limestone  below  to  the  Bawar  quartzite  above ;  that 
is,  we  may  assume  an  ascending  series  on  that  side  of  the  gneiss  from  the  limestone 
upwards.  The  west  side  of  the  gneiss  is  not  so  clear,  but,  from  the  undoubted 
identity  of  the  quartzite  with  the  Bawars  there  is  the  exact  appearance  there  also  of 
an  ascending  series  towards  the  gneiss. 

A  seemingly  absurd  corollary  follows  from  this :  We  appear  bound  to  believe 


30  Records  of  the  Geological  Survey  of  India.         [VOL.  XX. 

in  a  gentle  synclinal  along  the  valley  of  the  Kamalada,  with  the  gneis»  as  the  upper- 
most member  of  the  series !  Those  readers  who  have  followed  the  history  dt  the 
geology  of  the  Chor  mountain  will  see  that  we  have  here  exactly  the  same  apparent 
unsolvable  problem  that  at  first  proved  too  much  for  every  one  in  the  case  of  die 
Chor.  It  is  true  that  we  now  have  a  partial  answer  in  the  case  of  that  mountain^ 
inasmuch  as  it  is  certain  that  its  material  has  been  in  a  condition  of  aqneo*igneou8 
fusion  sufficient  to  allow  of  its  tearing  oSt  fragments  of  the  neighbouring  rocka 
among  which  it  was  intruded,  and  enclosing  them  in  its  substance,  but  we  cannot 
assume  the  same  explanation  here  until  the  same  proofs  in  this  case  of  included 
fragments,  and  the  evidence  of  the  microscope  have  been  brought  to  bear  on  the 
question  in  this  locality.  Later  on,  I  shall  have  to  mention  Kalogarhi  mountain  in 
British  Garhwal,  an  isolated  peak,  also  composed  of  this  gneissose  rock,  and  present- 
ing in  its  neighbouring  relations  very  much  the  same  features.  It  also,  at  first,  ap. 
pears  to  lie  in  a  synclinal,  as  a  capping  on  the  summit  of  the  hill,  and  in  many  ways 
it  may  be  looked  upon  as  a  miniature  Chor.  The  explanation  of  the  Kalogarhi 
rock  rests,  however,  on  the  proved  great  age  of  the  schistose  strata  amongst 
which  it  lies :  although  the  schists  there  have  the  appearance  of  being  the  highest  of 
the  neighbouring  formations.  The  proving  of  this  involved  much  labour  and  time, 
neither  of  which  could  be  given  to  the  Rama  Serai  section  on  account  of  my  rapid 
movements. 

Returning  to  the  section  down  stream  in  the  Banale  river,  we  have  the  spur  from 

the  main  ridge  running  towards  Shishalu  and  dividing  the 
upper  branches  of  the  Banale  river,  showing  distinctly  the 
various  outcrops  of  the  schists  and  the  limestone  as  they  appear  to  dip  in  towards  the 
mountain  and  at  a  much  higher  angle  than  met  with  heretofore.  The  bed  of  lime- 
stone is  not  by  any  means  thick,  but  between  Shishalu  and  the  ridge  running  east 
from  Saulda  peak,  and  between  the  last  point  and  Palaita  the  thickness  varies  very 
much,  becoming  less  as  the  outcrop  is  traced  south  by  the  last«named  places  to  the 
Jumna.  Beyond  Palaita  I  could  not  see  where  it  went  to,  but  its  line  of  strike  from 
that  place  would  carry  it  very  well  to  join  up  with  the  Deoban  limestone  of  Jaunsar 
near  Lauri. 

At  Bigrar  village  (not  marked  on  the  map),  which  is  half  a  mile  above  Deltu, 

the  limestone  beds  have  come  to  an  end,  and  we  come  upon 
grey  shaly  slate  dipping  about  ao^  north-west.    After  a  short 
thickness  of  these  there  comes  beneath  them  a  thin  bed  (not  more  than  60  feet)  of 
.  a  dark,  micaceous,  gneissose  rock,  finely  foliated,  and  of 

er  gneissose  roc  .  ^^^^  different  aspect  to  that  on  the  other  side  of  the  Saulda 
ridge.  Of  this,  and  other  rocks  collected  during  last  season,  I  hope  to  make  a  thorough 
microscopical  examination  later  on ;  I  can  now  only  say  that  the  quartz  is  present  in 
large  quantities,  showing  the  polysynthetic  structure  so  common  in  gneiss  of  other 
parts  of  the  Himalaya  examined  by  Colonel  McMahon.^  No  fluid  or  other  cavities 
can  be  seen.  The  felspar  is  not  so  abundant  as  in  a  typical  granite  or  gneiss, 
occurring  in  less  quantity  than  the  quartz ;  it  is  decomposed  almost  beyond  recogni- 
tion. Biotite  is  fairly  represented,  and  there  are  a  few  needles  of  apatite.  Whether 
the  rock  is  an  intrusion,  or  is  metamorphosed  in  situ,  is  a  question  I  cannot  answer 

See  Records,  Vol.  XVI,  p.  144. 
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by  any  (Hrect  evidence.  Its  regular  appearance  bedded  whh  the  other  rocks,  and 
Its  lateral  continuity  between  the  stream  and  the  ridge  east  of  Saulda  peak  along  the 
strike  of  the  rocks,  favours  the  idea  of  its  being  a  true  gneiss,  and  not  a  foliated 
granite;  but,  on  the  other  hand,  the  selective  metamorphism  required  to  pick  out  a 
1>ed  60  feet  thick  and  make  it  a  gneiss  without  altering  the  surrounding  rocks 
relatively  at  all,  seems  incredible. 

Between  Kanal  and  Goldar  there  come  beneath  this  gneissose  bed  olive-grey 

quartzites,  blue-grey  quartzites,  and  finally  slightly  schistose 
sc?Ute^Sitesf  ^"^^^^     s^^^^s,  all  dipping  about  north-north-west  50^    From  Goldar 

to  Jeshtar,  and  the  ridge  east  of  Saulda  Peak  I  re-crossed 
over  the  same  set  of  beds.  I  then  descended  towards  Cheli ;  the  latter  part  of  the 
descent  being  entirely  upon  the  slightly  schistose  slates,  which  in  some  cases  became 
yftTj  micaceous  and  soft. 

Having  crossed  the  Jumna  at  Barkot  I  took  up  the  stream  south-south-east  from 
.  .         .    there,  and  for  the  first  mile  I  passed  over  much  the  same 

gram  e.         j^.^^  ^^  rocks,  but  not  very  schistose,  the  dip  being  irregular. 
*Then  came  fragments  of  a  granitic  rork  for  about  half  a  mile,  though  the  nature  of 
"Mht  country  prevented  any  good  exposures  being  seen.     It  appeared  to  be  a  rock 
selated  to  the  gneissose  bed  last  described,  but  the  foliation  was  not  much  marked. 
Then  came  rather  gritty,  close,  blue-grey  slates,  dipping  60°  west-south-west.    On  get- 
Sing  to  the  pass,  about  6  miles  from  Barkot,  which  pass  is  north.52°-ea$t  from  Bouk 
station,  looking  south  into  the  tributary  of  the  Bhagirati  river  there  is  still  the  gritty 
slate  dipping  ao^  west-north-west.    Beyond  the  pass,  in  an  easterly  direction,  the 
«dge  rises  into  a  mass  of  the  granitic  rock,  which  also  keeps  to  the  higher  parts  of 
the  ^urs  running  down  into  the  tributary  of  the  Bhagirati  river  as  far  as  a  point 
«a8t-€OUth-east  from  Bouk  station,  where  there  is  a  sharp  line  of  junction  (probably 
« fank)  running  north-east  between  it  and  a  massive  blue-grey  limestone.    The 
Bower  parts  of  the  same  spurs  are  composed  of  the  slaty  rock,  and  some  few  gritty 
V>eds,  with  a  general  dip  30°  or  40°  west-north-west  near  the  pass.    The  dip  gradu- 
^Ulj  veers  round  more  to  the  west,  and  finally  becomes  south  of  west  as  Darng  is 
Approached.    The  limestone,  which  resembles  the  Deoban,  only  crosses  the  stream 
a  little  way,  and  is  then  <:ut  off  in  another  direction  by  a  fault  striking  south- 
almost  in  a  direct  line  between  Bouk  station  and  Darng. 
Returning  to  the  granitic  rock,  the  quartz  in  it  is  abundant,  in  large  grains,  and 
^^ivith  no  polysynthetic  structure.    Numerous  strings  of  liquid  cavities,  and  dust  of 
Opacite  ramify  through  the  quartz  grains.    The  felspar  is  in  the  same  condition  as 
of  the  Banale  river  gneiss.    The  mica  is  biotite  as  before,  sometimes  dark 
rown,  but  often  quite  black,  and  opaque  in  thin  slices.    The  granitic  mass  in  its 
pper  parts  seemed  to  change  somewhat  in  nature  and  take  on  a  rather  more  dioritic 
arance.    I  was  disposed  at  the  time  to  think  that  it  was  indeed  a  gradual  change 
the  minerals,  but  I  had  not  time  to  stay  and  work  all  round  the  mountain.    Speci. 
from  the  top  of  the  ridge  due  east  from  Bouk  station  are  almost  certainly  a 
diorite  though  the  rock  has  not  been  sliced  yet. 

Continuing  down  the  tributary  of  the  Bhagirati  near  Gewla  and  Darng  we  find 
tlie  same  gritty  slates  and  quartzites  of  dull  grey  colour  dipping  towards  the  souih- 
8outh-west,  at  45^ 
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It  is  near  where  the  stream  enters  the  Bhagirati  that  a  change  takes  place,  and 
„     ,       ,  . .      the   dull  coloured  slates  and  grits  give  way  to  a  set  of 

Purple  and  green  sni-        ,.,,,,,  r-,. 

very  states  and  quartx-  shivery  slates  of  purple  and  green  colours.  These  weather 
»tes.  into  a  violet,  or  pale  green  powdery  rock,  which  forms 

steep  taluses  on  the  river  banks.  There  are  some  quartzite  beds  incorporated 
with  them,  and  a  few  conglomerates  near  Upu  (sheet  66).  How  this  change  sets  in 
I  did  not  observe,  as  the  structure  of  the  lower  parts  of  the  valley  is  much  obscured 
by  recent  gravels  extending  up  to  a  height  of  300  feet  or  more  on  each  side  of  the 
Bhagirati,  and  through  which  it  has  cut  its  course.  The  general  dip  is  south-west 
or  north-east,  apparently  rolling  about  a  good  deal,  first  in  one  direction  and  then 
in  the  other.  The  appearance  of  the  beds,  the  nature  of  the  conglomerate,  their 
colouring,  and  especially  the  way  they  weather,  forcibly  reminded  me  of  the  beds 
seen  on  the  road  to  Chakrata,  near  Kalsi,  in  Jaunsar.  The  whole  of  the  fair  valley 
of  the  Bhagirati  down  to  Tiri,  and  probably  beyond,  is  likewise  composed  as  de- 
scribed, the  uniformity  being  due  to  the  recurrence  of  the  same  beds  by  repeated 
foldings. 

At  Tiri  I  left  the  Bhagirati  river  and  turned  east  up  the  Bheting  river,  making  as 
direct  a  line  for  Pauri  as  possible.  As  far  as  Numi  there  does  not  seem  to  be  any 
material  change  in  the  rocks,  but  looking  north  across  the  Bheting  towards  Kytiba  and 
Kireh  trigonometrical  stations,  a  set  of  thick-bedded  quartzites  can  be  detected  con- 
stituting the  rugged  sides  and  summits  of  those  peaks.  Half  a  mile  or  so  north 
of  Nurni  and  Koti,  the  same  beds  were  traced  by  me  running  up  from  Ushunna 
along  the  ridge  south-east  and  east  towards  Maniknath.  In  their  lower  part  there  is 
a  limestone,  dark  blue,  and  resembling  those  already  mentioned  in  this  paper.  It  is 
only  a  hundred  feet  or  so  in  thickness.  A  mile  and  a  half  east  of  Koti  the  junction 
between  the  slaty  beds  and  the  quartzite  is  seen  on  the  pass  leading  over  into  the 
affluent  of  the  Alaknanda  river.  Here,  too,  are  some  diorite  and  dioritic  ash  near  the 
junction,  and  no  limestone.  There  is  also  a  change  in  the  lower  slaty  series  at  this 
place;  they  lose  the  bright  tints  hitherto  possessed  and  become  more  like  the 
sombre  tinted  rocks  that  we  had  before  entering  the  Bhagirati ;  that  is  to  say,  they 
are  grey,  and  slightly  schistose.  They  also  have  a  nearly  vertical  dip  south  or  south- 
west. On  the  left  bank  of  the  affluent,  some  distance  above  the  road,  the  limestone 
and  the  quartzite  were  traced  as  far  as  Kunnali,  but  below  this,  on  account  of  the 
dense  vegetation  of  creepers,  &c.,  nothing  more  could  be  seen  of  them.  I  should 
mention  that  this  quartzite  is  of  exactly  the  same  type  as  the  Bawars,  a  strong 
clear-grained  quartzite,  approximately  horizontal,  and  apparently  capping  the  heights 
and  the  ridges  unconformibly.  It  is  evident,  however,  that  having  lost  touch  of  the 
Bawars  so  long  since,  no  reasonable  correlation  can  be  made  in  this  case.  The 
whole  of  the  south-west  side  of  the  stream  bed  east  of  Chandabadni  mountain  down 
to  Gar  (Gur),  is  remarkable  for  the  effect  that  the  vertical  or  nearly  vertical  dip  has 
had  on  the  carving  out  of  the  hill-spurs :  they  are  like  a  number  of  sharp  pyramids 
rising  one  behind  the  other  in  very  beautiful  succession.  The  rest  of  the  way  to 
Jarkni  on  the  Alaknanda  is  over  the  same  kind  of  beds. 

From  Jarkni  I  crossed  the  Alaknanda,  and  arrived  in  British  Garhwal,  where 

1  at  once  set  to  work  to  find  a  place  suitable  for  commeuc 

British  Garhwal.  ,         ..  .       _         .. 

mg  systematic  mappmg  operations. 
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by  ai^  direct  evidence.  Its  regular  appearance  bedded  whh  the  other  rocks,  and 
its  lateral  continuity  between  the  stream  and  the  ridge  east  of  Saulda  peak  along  the 
strike  of  the  rocks,  favours  the  idea  of  its  being  a  true  gneiss,  and  not  a  foliated 
granite;  but,  on  the  other  hand,  the  selective  metamorphism  required  to  pick  out  a 
bed  60  feet  thick  and  make  it  a  gneiss  without  altering  the  surrounding  rocks 
relatively  at  all,  seems  incredible. 

Between  Kanal  and  Goldar  there  come  beneath  this  gneissose  bed  olive-grey 

quartzites,  blue-grey  quartzites,  and  finally  slightly  schistose 

scPist^s*^'^It?sf  ^"^^^^^     s'^^^8'  *^^  dipping  about  north-north-west  50^    From  Goldar 

to  Jeshtar,  and  the  ridge  east  of  Saulda  Peak  I  re<-crossed 
over  the  same  set  of  beds.  I  then  descended  towards  Cheli ;  the  latter  part  of  the 
descent  being  entirely  upon  the  slightly  schistose  slates,  which  in  some  cases  became 
very  micaceous  and  soft. 

Having  crossed  the  Jumna  at  Barkot  I  took  up  the  stream  south-south-east  from 
.  .        .    there,  and  for  the  first  mile  I  passed  over  much  the  same 

e  gr  n  e.  ^.^^  ^^  rocks,  but  not  very  schistose,  the  dip  being  irregular. 
Then  came  fragments  of  a  granitic  rork  for  about  half  a  mile,  though  the  nature  of 
the  country  prevented  any  good  exposures  being  seen.  It  appeared  to  be  a  rock 
related  to  the  gneissose  bed  last  described,  but  the  foliation  was  not  much  marked. 
Then  came  rather  gritty,  close,  blue-grey  slates,  dipping  60°  west-south-west.  On  get- 
ting to  the  pass,  about  6  miles  from  Barkot,  which  pass  is  north-52^-ea$t  from  Bouk 
station,  looking  south  into  the  tributary  of  the  Bhagirati  river  there  is  still  the  gritty 
slate  dipping  20**  west-north-west.  Beyond  the  pass,  in  an  easterly  direction,  the 
ridge  rises  into  a  mass  of  the  granitic  rock,  which  also  keeps  to  the  higher  parts  of 
the  spurs  running  down  into  the  tributary  of  the  Bhagirati  river  as  far  as  a  point 
east-south-east  from  Bouk  station,  where  there  is  a  sharp  line  of  junction  (probably 
a  fault)  running  north-east  between  it  and  a  massive  blue-grey  limestone.  The 
lower  parts  of  the  same  spurs  are  composed  of  the  slaty  rock,  and  some  few  gritty 
beds,  with  a  general  dip  30^  or  40**  west-north-west  near  the  pass.  The  dip  gradu- 
ally veers  round  more  to  the  west,  and  finally  becomes  south  of  west  as  Darng  is 
approached.  The  limestone,  which  resembles  the  Deoban,  only  crosses  the  stream 
bed  a  little  way,  and  is  then  <:ut  off  in  another  direction  by  a  fault  striking  south- 
east almost  in  a  direct  line  between  Bouk  station  and  Darng. 

Returning  to  the  granitic  rock,  the  quartz  in  it  is  abundant,  in  large  grains,  and 
with  no  polysynthetic  structure.  Numerous  strings  of  liquid  cavities,  and  dust  of 
opacite  ramify  through  the  quartz  grains.  The  felspar  is  in  the  same  condition  as 
that  of  the  Banale  river  gneiss.  The  mica  is  biotite  as  before,  sometimes  dark 
brown,  but  often  quite  black,  and  opaque  in  thin  slices.  The  granitic  mass  in  its 
upper  parts  seemed  to  change  somewhat  in  nature  and  take  on  a  rather  more  dioritic 
appearance.  I  was  disposed  at  the  time  to  think  that  it  was  indeed  a  gradual  change 
in  the  minerals,  but  I  had  not  time  to  stay  and  work  all  round  the  mountain.  Speci. 
mens  from  the  top  of  the  ridge  due  east  from  Bouk  station  are  almost  certainly  a 
diorite  though  the  rock  has  not  been  sliced  yet. 

Continuing  down  the  tributary  of  the  Bhagirati  near  Gewla  and  Darng  we  find 
the  same  gritty  slates  and  quartzites  of  dull  grey  colour  dipping  towards  the  south- 
south-west,  at  45^ 
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Table  of  formations  (in  descending  order)  in  W.British  Garhwal-^contd. 


Tal 


MAS8IVB  LIMBSTOMB 


PURPLB    SLATBS    AND 
VOLCANIC  BRBCCIA. 


Mcsozoic 


ScttiSTOSB  Sbribs   . 


Age  unknowa  . 


Ditto 


Ditto 


Upper  Tdl. — ^Indigo  coloured  calcareous  grit, 
usually  oolitic;  full  of  broken  fossils.  The 
rock  might  often  be  called  a  limestone,  bat 
•it  is  never  without  the  sandj  basis. 

Lower  Tdl. — Stronj^  sandstone  of  millstone- 
grit  type ;  quartzites,  &c.,  few  quartzose  con- 
glomerates ;  a  black  carbonaceous  shale,  i  foot 
Uiick,  with  plant  impressions,  occurs  in  the 
Sour-gadh. 

Dark,  blue-grey,  fairly  pure  limestone;  thick 
bedded;  without  fossils.  It  resembles  either 
the  Krol  or  Deoban  limestone. 

Slates,  bedding  and  cleavage  coinciding,  usually 
coloured  a  ruddy  or  inl^  purple,;  but  some- 
times grey. 

The  volcanic  breccia  is  an  angular  clastic  rock, 
with  no  rounded  frasfments.  The  material 
is  coarse  or  fine,  ana  is  made  up  of  slates, 
quartzites,  and  limestone,  with  very  rare  frag- 
ments of  igneous  rocks  and  schists. 

Phyllites,  quartzites,  quartz-schists,  schists,  and 
garnetiferous  schists,  with  intrusions  of 
gneissose  granite. 


Without  perplexing  the  reader  by  detailing  the  array  of  difficulties  which 
presented  themselves  to  me  at  different  stages  of  my  work,  I  will  at  once  come  to 
the  main  difficulty,  in  the  right  understanding  of  which  all  other  minor  questions  are 
bound  up. 

If  reference  is  made  to  the  \  in^h  map,  the  eye  will  at  once  grasp  the  fact  that 
there  is  a  central  elongated  area  composed  of  the  schistose  series  and  which  may  be 
called  the  *'  Inner  formation ; "  whilst  surrounding  it  on  all  sides  is  a  zone  of  all,  or 
some,  of  the  formations  from  the  nummulitics  down  to  the  purple  slates  and  volcanic 
breccia.  These  may  be  called  the  "  Outer  formations,"  in  contradistinction  to  the 
schistose  series.  Now  the  belief  which  is  at  present  so  rapidly  gaining  ground  that 
metamorphic  strata  are  presumably  older  than  unmetamorphosed  strata  makes  one 
at  the  first  glance  assume  a  strong  probability  in  favour  of  the  inner  schistose  series 
being  of  much  greater  age  than  the  outer  zone  of  formations.  But  no  sooner  has 
this  a  priori  probability  obtained  a  firm  bold  of  the  mind  than  a  rude  shock  is  given 
to  it  by  the  discovery  that  at  every  point  round  the  schistose  area  the  Outer  form- 
ations appear  to  dip  towards  and  under  the  schistose  series  at  steep  angles  (50°'— 60** 
generally) ;  whilst  the  schistose  series  itself  is  disposed  apparently  in  the  form  of  an 
elongated  quaquaversal  synclinal  upon  the  top  of  the  Outer  formations,  and  culmi- 
nates in  a  capping  of  gneissose  rock  on  the  summit  of  Kalogarhi  mountain  (locally 
known  as  Kalan  Danda),  the  highest  point  of  the  neighbourhood. 

In  other  words,  the  observer  after  a  hasty  examination  is  almost  driven  to  the 
conclusion  that  there  is  an  upper  metamorphic  series  lying  normally  upon  the  com- 
paratively unmetamorphosed  zone  of  Outer  formations  (a  counterpart  of  the  opinion 
long  held  with  regard  to  the  strata  of  the  Scotch  Highlands). 
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Bat  in  one  respect  the  geological  structare  in  this  part  of  Garhwal  is  unique,  so 
far  as  I  know.  The  appearance  of  the  Outer  formations  underlying  the  schistose 
series  is  not  confined  to  one  line  of  country,  but  is  equally  noticeable  at  nearly  every 
^omt  round  the  margin  df  the  Inner  formation,  whilst  up  the  Huil  and  Rausan 
rivers  offshoots  of  the  Outer  formations  appear  among  the  schistose  series,  fitting  in 
^ith  them  more  like  a  piece  of  gigantic  inlaid  work  rather  than  lying  as  unconform- 
able outliers  upon  them. 

When  I  commenced  field-work  last  season,  I  was  in  a  complete  state  of  un- 
certainty as  to  which  way  to  interpret  the  sequence  of  the  rocks.  On  the  one  hand, 
I  was  exceedingly  loth  to  believe  that  an  enormous  thickness  of  phyllites,  schistose 
slateSy  schists,  and  even  garnetiferous  schists  could  normally  belong  to  an  era  subse- 
quent to  the  deposition  of  the  ordinary  slates,  limestones,  and  sandstones  of  the  Outer 
formations ;  whilst,  on  the  other  hand^  I  was  equally  averse  to  straining  what  then 
seemed  to  be  the  plain  foots  of  the  case  in  order  to  draw  up  a  more  plausible  strati- 
^[raphical  table.  Besides,  Mr.  R.  D.  Oldham's  work  in  Jaunsar  Bawar^  and 
Ifr.  H.  B.  Medlicott's'  at  Simla  had  already  shown  the  extreme  probability  of  an 
upper  and  comparatively  younger  schistose  series  normally  overlying  slaty  and 
calcareous  strata ;  and  I  could  not  of  course  neglect  telling  evidence  of  this  kind, 
although  so  great  a  span  of  country  lay  between  their  working  grounds  and  mine. 

I  was  also  in  a  state  of  uncertainty  with  regard  to  the  Outer  formations  them- 
selves ;  for  they  by  no  means  preserved  a  uniform  relation  to  one  another ;  so  much  so 
that  my  first  statement  that  the  massive  limestone  overlaid  the  Tal  beds  has  had  to 
be  discarded  and  reverse  positions  assigned  to  them. 

The  most  pressing  difficulty  then  was  that  of  stratigraphical  succession.    Although 

the  superficial  relations  of  certain  rock-series  to  one  another  had  been  made  tolerably 

clear,  it  was  not  manifest  which  of  them  was  really  the  newer,  and  which  the  older ; 

inasmuch  as  sometimes  they  appeared  in  one  order  of  superposition,  and  sometimes 

in  the  inverse  order.    In  other  words,  the  problem  before  me  was  to  imravel  their 

order  of  deposition  in  time,  from  conflicting  appearances,  due  to  disturbance  of  the 

strata ;  for,  in  a  region  of  true  mountains,  it  is  not  enough  to  see  one  set  of  beds  dipping 

beneath  another  set ;  but  in  every  case  the  question  must  be  put — is  this  the  normal 

Order,  or  is  it  an  inverted  order  ? 

The  presence,  or  absence  of  fossils,  makes  all  the  difference  in  the  ease  with 
^irhich  such  a  question  is  answered;  though  a  single  fossiliferous  series  is  not 
Sufficient  by  itself.  But  when  two  or  more  definite  fossil  horizons  are  fixed,  among 
a.  set  of  formations  roughly  coinciding  in  dip;  the  sequence  in  time,  evinced  by 
those  horizons,  will  necessarily  proclaim  the  true  time  sequence  of  the  whole. 

Applying  this  principle  to  the  comprehension  of  the  problems  before  us,  it  was 

imperative  to  'find  out  how  the  presence  of  the  two  distinct  fossil  horizons  of  the 

nommulitics,  and  the  mesozoic  Tal  beds,  in  a  region  where  the  other  formations  are 

nnfossiliferous,  would  help  in  settling  the  true  order  of  those  associated  unfossilifer- 

ous  rocks :  whilst  it  was  extremely  probable  that  if  the  Outer  formations  were  once 

chronologically  arranged,  a  clue  would  be  obtained  which  would  fix  the  age  of  the 

schistose  series.    Until  recently,  the  unfossiliferous  formations  had  not  been  met  with 

in   such  fortuitous  conjunction  with  the  fossil-bearing  series  as  to  enable  me  to 

«  Rcc.  G.  S.  I.,  Vol.  XVI,  1883.  *  Mem.  G.  S.  I.,  Vol.  Ill,  1863. 
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rightly  deduce  their  trae  stratigraphlcal  order,  but  the  lime  has  now  corae  when  I 
can  speak  with  certainty  on  this  point,  and  I  can  throw  the  whole  of  the  strata  of 
Western  British  Garhwal  into  comprehensive  groups,  arranged  in  true  historical 
succession  (see  table  of  formations). 

Within  the  confines  of  this  paper  I  shall  merely  endeavour  to  show  how  I  have 
anived  at  my  conclusions,  by  reference  to  the  geology  represented  by  the  accom- 
panying maps  and  sections. 

Referring  to  the  i-inch  map,  it  will  be  seen  that  within  the  general  curve  made 
by  the  Ganges  there  are  a  set  of  boundaries,  marked  as  faults,  each  roughly  parallel 
to  one  of  the  reaches  of  the  river,  and,  in  result,  giving  a  compound  boundary  some- 
what resembling  the  course  of  the  river.  Within  this  boundary,  except  for  a  narrow 
band  up  the  Huil  river,  the  rocks  composing  the  Inner  formation  agree  in  being 
very  compact  purplish  quartzites,  without  much  granular  structure  visible ;  glossy- 
surfaced  slates,  generally  slightly  purplish,  or  considerably  metamorphosed  into 
schistose  slate,  and  schists.  On  the  other  hand,  outside  the  boundary  there  are  fairly 
regular  groupings  of  the  Outer  formations,  w«.,  the  nummulitics,  the  Tal  (mesozoic), 
the  unfossiliferous,  massive,  blue-grey  limestone  and  the  purple  slates  and  volcanic 
breccia. 

The  first  point  to  which  I  would  call  attention  is  that  the  order  of  superposition 
(whether  a  true  order  or  not)  of  the  Outer  formations,  up  the  Ganges  valley,  is  from 
the  purple  slates  and  ashes  below,  up  through  the  massive  limestone  and  the  Tal  to 
the  nummulitics,  which  are  brought  to  a  check  by  the  boundary  (see  sections  AA,  BB). 
Now,  in  order  to  discover  whether  this  order  is  a  normal  or  inverted  order,  we  must 
reason  in  this  way.  The  nummulitics  being  by  their  fossil  contents  of  later  age  than 
the  Tal  beds,  which  are  mesozoic  in  age,  it  follows  that  the  apparent  position  of  the 
latter,  dipping  underneath  the  former,  represents  the  true  original  sequence  in  which 
they  were  deposited.  That  being  so,  the  dip  of  the  massive  limestone  beneath  the 
Tal  beds  must  also  be  an  original  true  dip ;  and  likewise  that  of  the  purple  slates 
and  ashes  beneath  the  limestone. 

Thus,  the  present  arrangement  of  the  group  of  Outer  formations,  as  seen  near  the 
bend  of  the  Ganges  at  Lachman-jula,  from  the  purple  slates  and  ashes  up  to  the  num- 
mulitics, must  be  the  original  historical  one ;  and  so  part  of  the  previous  difficulty  is 
solved  once  for  all. 

Coming  now  to  the  nature  of  the  boundary  between  the  Outer  and  Inner 
formations,  and  the  question  of  their  relative  positions :  it  is  certainly,  at  first  sight,  a 
most  astounding  coincidence  that  the  Outer  formations  in  nearly  every  locality 
should  persistently  dip  towards  the  presumably  older  schistose  series;  especially 
when  we  have  just  learnt  that  the  Outer  formations,  among  themselves,  are  in  a 
natural  order.  This  occurrence,  so  marked  in  many  places,  and  the  lie  of  the  Outer 
formations  completely  encircling  the  schistose  area,  make  it  difficult  to  get  rid  of  the 
first  impression  already  alluded  to  that  the  whole  is  a  synclinal  trough,  with  the  Outer 
formations  below,  and  the  Inner  above.  One  seems  almost  driven  to  conclude 
that  if  a  boring  were  sunk  through  the  centre  of  the  schistose  area,  we  should 
inevitably  strike  the  Tal  beds  below.  The  very  often  curved  direction  taken  by  the 
boundary  between  the  Outer  and  Inner  formations,  whereby  it  wanders  irregularly, 
sometimes  even  V-ing  inwards  with  the  inequalities  of  hill  and  valley  after  tlie  man- 
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But  in  one  respect  the  geological  structure  in  this  part  of  Garhwal  is  unique,  so 
far  as  I  know.  The  appearance  of  the  Outer  formations  underlying  the  schistose 
series  is  not  confined  to  one  line  of  country,  but  is  equally  noticeable  at  nearly  every 
point  round  the  margin  df  the  Inner  formation,  whilst  up  the  Huil  and  Rausan 
rivers  offshoots  of  the  Outer  formations  appear  among  the  schistose  series,  fitting  in 
with  them  more  like  a  piece  of  gigantic  inlaid  work  rather  than  lying  as  unconform- 
able outliers  upon  them. 

When  I  commenced  field-work  last  season,  I  was  in  a  complete  state  of  un- 
certainty as  to  which  way  to  interpret  the  sequence  of  the  rocks.  On  the  one  hand, 
I  was  exceedingly  loth  to  believe  that  an  enormous  thickness  of  phyllites,  schistose 
slates,  schists,  and  even  garnetiferous  schists  could  normally  belong  to  an  era  subse- 
quent to  the  deposition  of  the  ordinary  slates,  limestones,  and  sandstones  of  the  Outer 
formations ;  whilst,  on  the  other  hand,  I  was  equally  averse  to  straining  what  then 
seemed  to  be  the  plain  facts  of  the  case  in  order  to  draw  up  a  more  plausible  strati- 
graphical  table.  Besides,  Mr.  R.  D.  Oldham's  work  in  Jaunsar  Bawar^  and 
Mr.  H.  B.  Medlicott's'  at  Simla  had  already  shown  the  extreme  probability  of  an 
upper  and  comparatively  younger  schistose  series  normally  overlying  slaty  and 
calcareous  strata ;  and  I  could  not  of  course  neglect  telling  evidence  of  this  kind, 
although  so  great  a  span  of  country  lay  between  their  working  grounds  and  mine. 

I  was  also  in  a  state  of  uncertainty  with  regard  to  the  Outer  formations  them- 
selves ;  for  they  by  no  means  preserved  a  uniform  relation  to  one  another ;  so  much  so 
that  my  first  statement  that  the  massive  limestone  overlaid  the  Tal  beds  has  had  to 
be  discarded  and  reverse  positions  assigned  to  them. 

The  most  pressing  d  ifiiculty  then  was  that  of  stratigraphical  succession.  Although 
the  superficial  relations  of  certain  rock-series  to  one  another  had  been  made  tolerably 
clear,  it  was  not  manifest  which  of  them  was  really  the  newer,  and  which  the  older ; 
inasmuch  as  sometimes  they  appeared  in  one  order  of  superposition,  and  sometimes 
in  the  mverse  order.  In  other  words,  the  problem  before  me  was  to  unravel  their 
order  of  deposition  in  time,  from  conflicting  appearances,  due  to  disturbance  of  the 
strata ;  for,  in  a  region  of  true  mountains,  it  is  not  enough  to  see  one  set  of  beds  dipping 
beneath  another  set ;  but  in  every  case  the  question  must  be  put — is  this  the  normal 
order,  or  is  it  an  inverted  order  ? 

The  presence,  or  absence  of  fossils,  makes  all  the  difference  in  the  ease  with 
which  such  a  question  is  answered;  though  a  single  fossiliferous  series  is  not 
sufficient  by  itself.  But  when  two  or  more  definite  fossil  horizons  are  fixed,  among 
a  set  of  formations  roughly  coinciding  in  dip ;  the  sequence  in  time,  evinced  by 
those  horizons,  will  necessarily  proclaim  the  true  time  sequence  of  the  whole. 

Applying  this  principle  to  the  comprehension  of  the  problems  before  us,  it  was 
imperative  to  'find  out  how  the  presence  of  the  two  distinct  fossil  horizons  of  the 
nummulitics,  and  the  mesozoic  Tal  beds,  in  a  region  where  the  other  formations  are 
unfossiliferous,  would  help  in  settling  the  true  order  of  those  associated  unfossilifer- 
ous  rocks  :  whilst  it  was  extremely  probable  that  if  the  Outer  formations  were  once 
chronologically  arranged,  a  clue  would  be  obtained  which  would  fix  the  age  of  the 
schistose  series.  Until  recently,  the  imfossiliferous  formations  had  not  been  met  with 
in    such  fortuitous  conjunction  with  the  fossil-bearing  series  as  to  enable  me  to 

>  Rec.  G.  S.  I.,  Vol.  XVI,  1883.  •  Mem.  G.  S.  I.,  Vol.  Ill,  1863. 
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But  if  we  now  enquire  as  to  what  sort  of  faults  would  be  produced,  we  shall  be 
obliged  to  own  that  only  such  as  could  enable  the  strata  to  take  up  less  horizontal 
space,  in  compliance  with  the  lateral  pressure,  would  be  of  any  service  in  relieving 
the  state  of  strain.  From  this  we  see  that  a  vertical  fault,  having  no  effect  of  this 
kind,  would  be  of  rare  occurrence.  On  the  other  hand,  a  reversed  strike-fault,  inclined 
at  some  angle  with  the  vertical,  would  not  only  relieve  the  constant  strain  and  bend- 
ing of  the  rocks,  but  would  directly  contribute  to  the  horizontal  compression  of  the 
region  by  allowing  the  rocks  on  one  side  to  work  up  over  those  on  the  other  side  ; 
thus  increasing  the  vertical  thickness  of  the  earth's  crust  at  the  expense  of  its  hori- 
zontal extension.  There  being  such  a  manifest  relief  accruing  from  such  faults  as 
these,  it  is  but  natural  to  suppose  there  would  be  a  strong  tendency  to  their  formation. 
But  their  direct  consequence  is  to  bring  about  stratigraphical  complexities  of  precisely 
the  kind  we  have  to  deal  with,  by  forcing  older  beds  over  the  top  of  younger  forma- 
tions. On  the  other  hand,  a  fault  with  the  down  throw  towards  the  hade  would  obvious- 
ly increase  the  horizontal  extension  of  the  rocks,  and  there  could  be  no  predominating 
tendency  to  its  formation  in  a  tract  of  country  subject  to  great  lateral  compression. 
It  seems,  indeed,  impossible  to  imagine  them  occurring  in  any  mountainous  tract, 
other  than  some  few  mountains  due  to  great  vertical  elevation ;  except  as  dip-faults,  or 
as  secondary  results  due  to  local  and  intermittent  relaxations. 

There  is  thus  a  good  H  priori  reason  for  expecting  to  find  reversed  strike  faults, 
and  them  alone  on  a  large  scale,  in  the  district  under  discussion.  But  that  the 
boundary  of  the  Tal  beds  with  the  schistose  series  should  be  so  persistently  a  reversed 
fault  on  the  dip  side,  an  uninjured  synclinal  of  the  younger  rocks  scarcely  ever  (in 
only  one  instance  that  I  know  of)  being  preserved,  does  seem  a  little  remarkable, 
until  we  remember  that  the  Tal  beds,  save  for  the  slight  capping  ofnummulitics, 
must  have  been  the  uppermost  rocks  at  the  time  when  the  elevation  consequent  on 
the  lateral  pressure  began,  and  therefore  it  would  only  be  in  very  favourable  condi- 
tions that  any  trace  of  them  would  survive  from  the  rapid  denudation  consequent  on 
emergence  from  the  sea  and  subsequent  atmospheric  waste.  Simple  folding  would 
no  doubt  tend  to  bring  this  preservation  about  by  allowing  the  anticlinal  folds  to  be 
swept  away  whilst  the  synclinals  were  saved  by  being  depressed  below  the  action  of 
the  denudation  agents ;  but  it  would  not  give  results  so  decisive  as  that  ultimate  phase 
of  a  synclinal  ^  (in  combination  with  an  anticlinal)  developing  a  thrust  plane,  or  re- 
versed strike  fault ;  whereby  the  Tal  beds,  and  in  some  cases  the  nummulitics,  would 
be  actually  thrust  and  buried  under  a  capping  of  older  beds ;  and  so  protected  by 
them  from  all  subsequent  ^ear  and  tear  of  denudation.  We  are  obliged  to  admit,  from 
the  evidence  before  us,  that  the  synclinal,  except  in  one  instance,  was  found  insufficient, 
and  the  sigma-flexure  and  reversed  thrust  plane  sufficient,  for  their  preservation;  and 
in  believing  this  we  shall  do  no  violence  to  though't,  and  the  apparent  remarkable 
coincidences  become  reasonable  necessities. 

A  certain  additional  weight  is  given  to  these  conclusions,  when  we  remember  that 
the  position  of  the  Siwalik  and  other  upper-tertiary  rocks  with  regard  to  the  Outer 
formations,  where  they  front  the  plains,  is  exactly  what  that  of  the  Outer  formations  is 

'  Called  a  sigma-flexure,  folded  flexure,  reflexed  fold  or  overfold.  See  Heim's  Atlas  "  Un- 
tersuchungen  uber  den  Mechanisxnus  der  Gebirgsbildung,'*  and  Lapworth's  "  Secret  of  the 
Highlands."  Geological  Magaxin9,  1883. 
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-^^ith  regard  to  the  schistose  series.    It  has  long  since  been  shown  by  Mr.  Medlicoit 
others  that  the  later  tertiary  rocks  (about  the  age  of  which  there  is  no  doubt) 
ip  down  against  older  Himalayan  rocks,  from  which  they  are  separated  by  a  revers- 
ed fault ;  and  there  seems  every  reason  to  believe  that  the  causes  which  produced 
C:^  condition  were  simply  a  repetition  in  more  recent  times  of  a  similar  type  of 
i-movement  to  that  which  I  Imve  advocated  above.     In  ages  to  come,  when  the 
have  been  worn  away  at  their  outer  edge  more  completely  by  denudation, 
:]iere  will  be  left  a  narrow  band  of  rocks  analogous  to  the  present  reduced  state  of 
■le  Tal ;  and  presenting  the  same  phenomena  of  persistently  dipping  beneath  much 
Jder  beds. 

It  has  now  been  proved  r  first,  that  the  apparent  order,  among  themselves,  of  the 
formations  near  the  Ganges,  is  their  natural  historical  order ;  and,  secondly, 
the  Inner  schistose  series  is  of  older  formation  than  the  whole  of  the  encircling 
r  series. 

Jft  is  satisfactory  to  note  as  a  favourable  issue  that  the  complete  proof  now 
l)li8hed  shows  that  the  chronological  succession  of  the  rocks  as  here  interpreted, 
natural,  and  not  a  strained  one :  for,  first,  the  more  highly  metamorphosed  rocks 
iound  to  be  the  oldest ;  whilst  decreasing  age  is  similarly  marked  by  a  commen- 
'te  decreasing  metamorphism.  Secondly,  the  non-fossiliferous  formations  pose 
Tally  88  older  than  those  which  display  fossils,  whilst  the  latter,  as  we  should 
t,  aze  together  and  the  youngest ;  and,  thirdly,  the  difficulty  of  the  Kalogaihi 
ssote  mass  is  overcome ;  for  since  the  schistose  series,  among  which  it  appears, 
*^^  ihe  oldest  beds,  its  presence  whether  it  prove  to  be  an  archaean  gneiss,  which 
J^^^^^-^sr  pressure  and  high  temperature,  at  extreme  depths,  has  at  some  period  been 
^^^^^^^^  &fied,  and  so  merited  the  name  of  granite ;  or  whether  it  be  an  intrusion  of 
equent  date,  1.^.,  a  granite  in  which  contemporaneous  or  subsequent  foliation 
been  superinduced  by  pressure — ^in  either  of  these  cases  there  is  nothing  so 
^^Drmal  as  to  be  improbable. 
«  ^  ^^jdl  this  paper  I  have  only  touched  on  the  main  difficulty,  ignoring  for  the  present 
^^288  prominent  questions,  which  a  close  scrutiny  of  the  maps  will  suggest,  e,g,^  the 
^:^ormability  of  the  members  of  the  outer  series  amongst  themselves  and  the 
^^Led  unconformability  indicated  near  the  Sour  and  Kotedwar  glens  between  the 
beds  and  the  schistose  series.  The  map  there  shows  the  great  thrust  plane 
nt,  and  the  Tal  beds  and  nummulitics  in  an  undisturbed  synclinal.  Hence  the 
beds  are  disposed  indiscriminately  on  the  schistose  series,  the  purple  slates, 
and  the  massive  limestone ;  a  condition  implying  contortion  and  denudation 
^  ,^^  —  ^  as  to  expose  the  schistose  series  at  the  time  when  the  Tal  beds  were  deposited. 
^^-^e  also  refrained  from  going  into  more  descriptive  detail  than  was  absolutely 
^^^ssary  to  bring  out  the  points  of  chief  significance. 

*^bove  all,  it  seems  to  me  that  the  foregoing  results  afford  a  useful  lesson  in 

^^ining  the  utmost  caution  and  accuracy  of  mapping ;  in  order  that,  amongst  such 

*     ^^^aely  folded  rocks,  a  right  distinction  may  be  drawn  between  ordinary  dip  planes 

thrust  planes ;  especially  when  the  latter  have  a  perfect  parallelism  in  strike 

the  strike  of  the  rocks,  and  hence  cannot  readily  be  recognized  as  differing  in 

^^^    way  from  ordinary  dip  planes.    Extreme  circumspection  in  this  matter  is  a 

^***  qud  non  if  good  work  is  to  be  done  in  mountainous  regions. 
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In  conclusion,  a  few  remarks  may  be  made  with  regard  to  the  connection  between 
the  district  just  described  and  other  parts  of  Garhwal  and  Kumaun  visited  by  me  in 
the  course  of  last  season. 

From  the  point  where  the  east  and  west  Nyar  rivers  meet,  I  went  north-east  up  to 
the  head  of  the  east  Nyar,  finding  nothing  but  the  schistose  series  the  whole  way 
until  Kainur  was  reached.  There,  the  presence  of  more  decided  schists,  and 
garnetiferous  schists,  heralded  the  incoming  of  more  of  the  gneissose  granite.  Duda- 
toli,  the  culminating  peak  of  the  neighbourhood,  like  Kalogarhi  in  the  district  just 
described,  is  composed  of  that  rock  ;  and  from  it  in  a  westerly  direction  extend  bedded 
bands,  strongly  developed  at  first,  but  dying  out  gradually.  All  details  are  out  of 
place  here,  as  the  work  is  still  only  half  mapped ;  but  I  would  wish  to  point  out  the 
exact  correspondence  between  the  gneissose  granite,  both  in  composition  and-  in 
habit,  here  and  at  Kalogarhi,  The  only  difference  is,  that  it  comes  on  more  strong- 
ly, but  at  the  same  time  more  gradually  :  some  of  the  first  bed-like  intrusions  alter- 
nating with  schists,  as  thdugh  the  result  of  direct  metamorphism.  By  tracing  the  beds 
laterally ,  however,  it  is  seen  that  they  die  out  away  from  the  central  mass  of  Duda- 
toli,  and  close  in  towards  it ;  so  that  they  are  in  reality  but  elongated  "  fingers  " 
protruding  from  the  Dudatoli  massif. 

Further  north,  beyond  the  head  of  the  west  Nyar  river,  we  have  a  faulted  junction, 
bringing  in  purple  slates  and  the  massive  limestone  along  the  Dobri-Danpur.  ridge ; 
beyond  which  a  thick  set  of  diorites  and  quartzites  make  a  first  appearance.  From 
here  in  a  south-east  direction  towards  Nairn  Tal  we  cross  a  similar  set  of  formations. 

One  may  then  say  (roughly  generalizing)  that  the  schistose  series  and  gneissose 
granite  about  Ranikhet  and  Dwdrahath  are  most  probably  representatives  of  like 
beds  described  in  the  foregoing  paper ;  whilst  the  slates  and  massive  limestone 
displayed  about  Naini  Tal  are,  with  equal  probability,  representatives  of  the  purple 
slates  and  limestone  also  there  described.  It  is  to  be  noted,  however,  that  the  Tal 
beds,  or  at  least  the  fossiliferous  portion  of  them,  are  not  seen  near  Naini  Tal,  and 
the  nummulitics,  though  said  to  have  been  found  by  Messrs,  Schlagintweit  ^  are 
almost  certainly  absent  also. 


Notes  on   the  Geology  of  the  Garo  Hills,  by  T.  D.  LaTouCHE,  B.A., 

Geological  Survey  of  India. 

The  main  features  of  the  geology  of  the  Garo  Hills  have  been  known  for  sever- 
al years  and  described  in  the  Records  and  Memoirs  of  the  Geological  Survey,'  but 
the  valley  of  the  Sumesary,  where  considerable  fields  of  coal  exist,  is  the  only 
portion  of  the  hills  that  has  hitherto  been  examined  in  detail.^     During  the  past 

^See  Manual  of  Geology  of  India,  p.  609;  also  Journal,    Asiatic  Society  of  Bengal,  Vol. 
XXV,  p.' 1 1 8. 

«  Records,  Vol.  I,  Pt.  i,  p.  u.     Vol.  VII,  Pt.  2,  p.  58.     Mem.  G.  S.  I.,  Vol.  VII,  p.  151. 
«  Records,  Vol.  XV,  Pt.  3. 
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field  season  I  commenced  a  systematic  survey  of  the  hills,  starting  from  the  already 
described  sections  on  the  Sumesary,  and  working  westwards  along  the  southern 
base  of  the  main  range  of  gneiss,  which  runs  in  a  west-north-west  direction 
through  the  centre  of  the  district. 

The  formations  represented  in  the  Garo  Hills  are  the  following : — Gneiss,  creta- 
ceous sandstones  with  coal,  nummulitic  limestone  with  associated  sandstones,  and 
upper  tertiary  sandstones.  A  still  more  recent  formation,  consisting  of  terraces  of 
gravel  and  boulders  at  a  considerable  elevation  above  the  existing  river  courses,  is 
extensively  exposed  in  the  south-western  portion  of  the  district,  but  I  have  not  had 
many  opportunities  as  yet  of  examining  it. 

In  the  adjoining  Khasia  Hills  other  fonnations  intervene  between  the  gneiss 
and  the  cretaceous  rocks,  viz,,  the  Shillong  series,  the  Khasia  trap  and   granite  and 
the  Sylhet  bedded  traps.    Numerous  dykes  of  a  fine  grained  compact  trap  do 
occur  intrusive  in  the  gneiss  of  the  Garo  Hills,  which  may  possibly  represent  some 
of  the  igneous  rocks  of  the  Khasia  Hills,  but  in  that  case  one  would  expect  to  find 
similar  dykes  intrusive  in  the  Khasia  Hill  gneiss,  and  as  far  as  I   know  they  do 
not  occur  in  it.    The  dykes  in  the  Garo  Hills  are  pretty  generally   distributed 
throughout  the  district,  but  are  most  numerous  in  the  north-western  portion  of  the 
-hills,  where  it  is  rare  to  find  a  section  of  the  gneiss  without  coming  upon  one  or 
more  of  these  dykes.    They  are  generally  narrow  and  coincident,  or  nearly  so,  with 
the  strike  of  the  gneiss,  but  sometimes  appear  to  have  been  intruded  horizontally 
along  joint  planes,  and  often  show  well  defined  columnar  jointing  perpendicular  to 
the  surfaces  of  <:ontact.    In  many  places  where  sections  are  not  available  these 
dykes  betray  their  presence  by  the  numerous  rounded  exfoliating  blocks  of  green- 
stone, derived  from  the  breaking  up  and  weathering  of  the  columns,  which  are 
scattered  over  the  surface  of  the  ground. 

The  cretaceous  rocks,  which  rest  immediately  upon  the  gneiss,  have  hitherto 
received  the  greatest  amount  of  attention  in  this  district,  because  in  some  places 
they  contain  good  seams  of  coal.    The  only  workable  seams,  however,  seem  to  be 
confined  to  the  valley  of  the  Sumesary  and  the  country  to  the  east  of  it,  in  which 
direction  they  extend  to  the  Langrin  coal-field  in  the  south -west  Khasia  Hills.    At 
the  village  of  Aruak,  only  a  few  miles  to  the  west  of  Siju  on  the  Sumesary  (where 
coal  of  good  quality  occurs),  a  considerable  thickness  of  cretaceous  rocks  is 
exposed,  resting  nearly  vertically  against  the  gneiss,  without  a  trace  of  coal.    Still 
further  to  the  west,  on  the  head  waters  of  the  Nitai  and  Bogai  rivers,  the  cretaceous 
rocks  rest  horizontally  on  a  platform  of  gneiss,  from  4  to  5  miles  broad,  which 
extends  for  about    14  miles  along  the  base  of  the  main  range.    Numerous  sec- 
tions are  exposed  in  the  river  gorges,  the  total  thickness  of  the  sandstones  being 
from   500  to  600  feet,  but  in  no  case  did   I  find  any  trace  of  coal.    At    the 
southern  edge  of  this  platform  of  gneiss  the  cretaceous  rocks  bend  over  and  quick- 
ly disappear  beneath  the  nummulitic  limestone  and  newer  rocks.     Further  still  to 
the  west,  below  Tura,  and  on  the  Singmari  plateau,  the  few  exposures  of  coaly 
matter  that  do  occur  were  long  ago  shown  to  be  worthless.    The  question  whether 
this  coal  improves  towards  the  deep,  which  can  only  be  ascertained  by  boring,  still 
remains  undecided ;  though  from  the  fact  mentioned  above  of  its  disappearance 
west  of  the  Sumesary,  it  is  not  likely  that  such  would  be  the  case.* 
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A  white  shaly  indurated  clay,  or  lithomarge,  occurs  in  most  places  where  the 
cretaceous  rocks  are  exposed,  in  bands  (rf  2  or  3  feet  in  thickness;  uhen 
better  communications  through  the  hills  are  opened  out,  it  may  prove  to  be  of 
some  value  as  a  pottery  clay.  There  is  a  thick  deposit  of  it  in  the  station  of  Tura  ; 
where  it  has  been  used  for  white-wash.  At  present  the  Garos  obtain  the  material  they 
require  for  their  rude  pottery  from  beds  of  a  stiff  yellow  clay  which  occurs  locally 
immediately  above  the  nummulidc  limestone. 

Conformably  overlying  the  cretaceous  sandstones  is  a  series  consisting  of  nmn- 
mulitic  limestone  and  fossiliferous  sandstones  with  sandy  shales.  The  main  band  of 
limestone  always  occurs  at  the  base  of  the  series,  thin  bands  of  limestone  also  occur- 
ring in  places  in  the  sandstones  above.  The  thinning  out  of  the  limestone  between 
the  Sumesary  and  Damalgiri  Thana,  where  in  1868  Mr.  Medlicott  noticed  the  west- 
em  extremity  of  the  bed  in  &  thin  band  of  rusty  concretionary  limestone,  is  very 
marked,  as  well  as  its  rapid  deterioration  in  quality.  Ajx)ut  150  feet  of  it  are  expos- 
ed in  the  Bogai  at  Ganchi,  but  the  whole  is  sandy  earthy  and  nodular.  The  sand- 
stones which  overlie  the  limestone  are  fine  grained,  ferruginous,  and  generally  show 
&  tendency  to  become  nodular.  In  these  rocks  fossils  had  previously  been  found 
only  in  one  locality,  viz.^  on  Nongkulang  hill  in  the  south-west  comer  of  the  Khasia 
Hills,  where  Colonel  Godwin  Austen  collected  a  large  number  of  specimens  from 
sandstones  immediately  overlying  the  nummulitic  limestone.^  These  were  examin- 
ed by  Dr.  Stoliczka,  who  remarked  that  none  of  the  species  appeared  to  be  identical 
with  those  known  from  the  nummulitic  rocks  of  the  district  Unfortunately  there  are 
veiy  few  of  Colonel  Godwin  Austen's  specimens  in  the  museum,  nor  do  any  of  them 
appear  to  be  those  examined  by  Stoliczka^  while  no  description  of  the  fossils  from  the 
nummulitic  limestone  of  these  hills  has  been  published ;  so  that  I  have  been  obliged 
to  compare  my  specimens  with  those  c^escribed  in  D'Archiac  and  Haime's  nummu- 
litic fauna  of  Sind,  and  with  European  species.  Among  them  I  have  beea  able  to 
identify  the  following  with  more  or  less  certainty  :•*- 

From  the  cart  road  between  Tura  and  Mankarchar,  about  7I  miles  from  Tura — 

Cardium  greenottghi.  Cocbulomya  triangula. 

Cytherea  orbicularis.  Venus  nucleus. 

From  scarp  west  of  Warimagiri  village  (marked  Warogiri  on  map)— 

Area  subfiligrana.  Fusus,  ?  javanus. 

„    sabuletorum.  Fusus  aciculatus. 

Cardium  tenuisulcatum.  Conus  sp. 

„       austeni.  Ampullaria  pygmaea* 

„      anomaIe»  P  Mitra  sp. 

„       sp.  Solarium  sp. 

Cjrrena  distincta.  ?  Achatina  fragilis. 

Nucula  sp.  Cassis  sp* 

Ficula  pannus.  Turbinolia. 

From  the  Kilburn  stream  near  Khenigiri  village — 

Mactra  sp.  Crassatella  propinqua* 

Lima  bulloides.  Rostellaria  lucida. 

Turritella  granulosa. 

>  Jour.  As.  Soc.  Bengal,  Vol.  XXXVIII,  Pt.  2. 
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From  about  i  mile  east  of  Khenigiri  village— 

Cardiuin  multisquamatum.  Cytherea  sp. 

Cardita  subcomplanata.  Crassatella  sulcata. 

Isocardia  sp.  Pecten  decussatus. 

Cypricardia  sp.  Rostellaria  lucida. 

Area  capillacea.  Natica  sp. 

Venus  sp.  f  Balanophyllia 

From  scarp  east  of  Bogai  river  near  Ganchb 

Rostrum  of  Balanus. 

From  ridge  between  Damakchi  and  Rongpha  streams  near  Duching  villag< 

Crassatella  bronnii.  Cyrena  sp, 

Cytherea  orbicularis*  Pecten  sp. 

„       obsoleta*  Rostrum  of  Balanus. 
Lncina  sp. 

The  above  species  are  nearly  all  fomid  in  the  eocene  deposits  of  Europe.  All 
the  fossils  occur  as  casts  in  fine  sandstone,  the  original  shell  being  in  no  case  pre- 
served, 2so  that  it  is  often  difficult  to  make  out  the  specific  characters.  The  speci- 
mens found  at  Nongkulang  hill  by  Colonel  Godwin  Austen  belong  to  the  genera 
Conuff  Doiium,  Den/alium,  Cardi/a,  Cardium,  Telltna,  Nucula,  Leda,  Cucuiicea, 
d:c.,^  but  the  names  of  none  of  the  species  are  given.  There  is  little  doubt  however 
that  these  fossiliferous  sandstones  should  be  classed  as  nummulitic  owing  to  the  thin 
bands  of  limestone  containing  minute  nummulites,  which  are  intercalated  with  them. 
One  of  these  beds  (in  the  Mandar  stream,  about  3  miles  west  of  Emangiri)  which 
is  well  up  from  the  bottom  limestone  band,  contains  numerous  specimens  of  Oper- 
culina  canalifera^  a  species  very  common  in  the  nummulitic  limestone  of  Cherra. 

The  fossiliferous  sandstones  pass  up  into  a  mass  of  very  similar  sandstones,  which 
attain  a  thickness  of  about  1,200  feet  in  Joksongram  hill  near  Shushung  Durgapur. 
In  these  no  fossils  have  as  yet  been  found,  partly,  I  believe,  owing  to  the  coarseness 
of  the  sandstones,  some  of  them  being  almost  conglomerates  and  not  suited  to  the 
preservation  of  casts.  I  am  hopeful,  however,  that  further  search  will  reveal  the 
presence  of  fossils  in  these  rocks,  without  which  their  separation  from  the  underlying 
nununulitics  will  be  a  matter  of  great  difficulty. 


Note  on  some  Indian  image-stones,  by  COLONEL  C.  A,  McMahon,  F.G.S. 

Gaya  (Gya)  :  Nos.  7 — 200.    7 — 201.    7 — 202.    7 — 203.    7 — 205. 

The  specimens  were  sent  to  me  by  Mr.  Medlicott,  Director  of  the  Geological 
Survey,  and  I  have  given  the  Survey  register  numbers  for  facility  of  reference. 

Gaya  is  a  very  sacred  place  both  for  Hindus  and  Buddhists,  and  this  stone  is  ex- 
tensively worked  into  images  and  utensils  of  various  kinds  for  traffic  with  the  pil- 

*  Mem.  G.  S.  L,  Vol.  Vll,  Pt.  3,  p.  9  note. 
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grims.    A  reference  to  its  mode  of  occurrence  in  the  field  will  be  found  in  Vol.  I( 
of  the  Records  of  the  Geological  Survey,  page  42. 

,  M. — These  samples  are  all  so  similar  one  to  another  under  the  microscope, 
that  a  general  description  of  them  is  all  that  is  requisite.  The  matrix  of  the  rock 
appears  to  be  quartz,  though  free  quartz  is  not  prominent  in  all  the  slices.  It  is 
abundant  in  No.  201,  but  is  almost  absent  in  No.  205.  The  quartz  is  very  pure 
and  limpid,  and  contains  no  liquid  cavities. 

The  most  prominent  feature  in  the  rock,  perhaps,  is  the  abundance  of  chlorite 
and  sericite  which  it  contains;  the  two  minerals  being  intimately  mixed  up  with 
each  other.  Under  the  microscope  sericite  in  several  respects  much  resembles 
talc ;  but  some  of  the  colourless,  foliated,  mineral  seen  in  the  field  of  the  microscope 
is  certainly  a  mica,  and  from  the  amount  of  water  small  pieces  of  the  rock  yield  in 
a  glass  tube  under  the  blow  pipe,  I  think  it  is  safe  to  assume  that  the  whole  of  it  is 
sericite.  Indeed,  the  flame  of  a  spirit  lamp,  without  a  blow-pipe,  supplies  sufficient 
heat  to  make  the  rock  give  up  water  abundantly.  No.  205  is  highly  micaceous 
in  its  macroscopic  aspect. 

Felspar,  all  of  which  belongs  to  the  triclinic  system,  is  also  a  prominent  feature 
in  the  rock  taken  as  a  whole.  It  is  entirely  wanting  in  my  slice  of  No.  205  (in 
which  free  quartz  is  also  extremely  sparse^,  and  it  is  very  subordinate  to  the  quartz 
in  No.  201 ;  but  it  is  present  rather  abundantly  in  the  other  slices.  In  No.  203  it 
occurs  in  sufficiently  large,  and  sufficiently  numerous  crystals,  to  impart  a  speckled 
appearance  to  the  hand-specimen.  It  is  beautifully  twinned  in  single  crystals,  or 
in  groups  of  crystals ;  but  in  no  case  does  it  exhibit  any  external  crystallographic 
outline,  being,  for  the  most  part,  in  more  or  less  rounded  nodules.  Magnetite  or 
ilmenite,  apparently  the  latter,  is  present  in  all  the  slices,  except.  No.  205,  where  it  has 
been  converted  into  a  substance  resembling  leucoxene.  The  iron  contains 
numerous  inclusions,  or  intergrowths,  of  chlorite. 

Some  of  the  slices  contain  a  few  micro-garnets ;  No.  201  contains  a  very  little 
schorl,  and  No.  203  a  minute  sphene. 

The  rock  appears  to  be  of  metamorphic  origin.  Nos.  201  and  203  have, 
macroscopically  considered,  a  specially  trappoidal  appearance ;  but  the  rock  presents 
nothing  under  the  microscope  to  suggest  an  igneous  origin.  The  quartz  is  not  like 
the  quartz  of  granite,  or  its  allies ;  and  the  rounded  character  of  the  felspar  crystals 
appears  to  me  to  be  due  to  segregation  having  taken  place  in  an  imperfectly  plastic 
mass,  and  not  to  have  had  its  origin  in  the  solvent  action  of  an  igneous  matrix. 
The  felspar  contains  no  inclusions  of  the  matrix. 

Dhalbhum  :  £.  30. — A  light  grey  coloured  rock,  slightly  soapy  to  the  feel,  and 
of  more  "  cheesy  "  type,  than  the  previously  described  specimens.  Under  the  micros- 
cope it  is  seen  to  be  composed  of  chlorite,  a  micaceous-talcose  mineral  that  may  be 
either  a  hydro-mica  (sericite)  or  talc,  magnetite,  sphene,  and  calcite ;  the  latter  is 
not  inconsiderable  in  amount.  This  is  a  more  orthodox  potstone.  In  his  Geology 
of  Manbhum  and  Singhbhum^  (of  which  latter  district  Dhalbhum  is  a  sub-division) 
Mr.  Ball  mentions  eight  localities  where  this  rock  has  been  extensively  worked.  It 
occurs  in  thick  beds  in  the  *  sub-metamorphic  series.' 

Gaur  :  Nos.  7 — 244  and  7 — 246. — Principally  used  for  carved  work  in  the  ruined 

•   Memoirs  Geol.  Sur,  Ind.,  Vol.  XVII  I,  p.  148. 
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baildings  of  Gaur,  in  the  Maldah  District,  the  ancient  capita]  of  Bengal ;  but  the 
actual  specimens  are  from  the  famous  Adina  mosque,  at  Panduah,  20  miles  north- 
east of  Gaur.  It  is  not  known  where  the  stone  used  for  these  buildings  was  quarried. 
The  rains  are  in  the  delta  of  the  Ganges,  and  the  nearest  (25  miles)  rocks  are  the 
Rajmahal  traps,  beyond  the  Ganges.  In  appearance  Nos:  244,  246  look  like  argil- 
lites,  bat  they  do  not  greatly  differ  in  macroscopic  aspect  from  some  of  the  Gya  pot- 
tUmcs.    They  might  pass  for  very  fine  grained  varieties  of  No.  7 — 202, 

Nos.  7 — 244  and  7 — 246  consist  of  very  minute  grains  of  quartz  averaging  about 
one  thOQsandth  part  of  an  inch  in  diameter  (the  largest  is  under  three  thousandths 
of  an  inch  in  diameter),  and  minute  fibres  of  mica  (probably  a  hydro-mica^  set  in 
a  stmctareless  base  that  represents,  I  apprehend,  the   original  setting  of  fine  mud. 
h  this  ground  mass,  there  are  starred  about  skeleton  prisms — ^ghost-like  forms,  with- 
out bones  or  substance — of  what  may  possibly  be  the  spirits  of  hornblende  in  the 
indes  of  metamorphism.    They  have  no  action  on  polarised  light ;  their  ends  are 
onfinished ;  and  in  neither  of  my  slices  are  cross-sections  of  the  prisms  to  be  obtained, 
hdeed,  they  have  so  little  substance  about  them  that  they  have  not  displaced,  or  as- 
similated, the  quartz  grains  of  the  matrix  which  show  sharp  and  clear  within  them, 
and  have  been  wholly  undisturbed  by  the  formation  of  the  prisms.    Evidently  their 
genesis  has  been  due  to  segregative  action.    These  crystals  are  of  dark  greenish 
colour  in  transmitted  light;  but  they  are  without  internal  structure  and  exhibit  no 
dichroism.    It  is  impossible  to  give  them  any  definite  mineralogical  name. 

On  applying  high  powers  these  slices  are  seen  to  contain  very  numerous  micro, 
sphenes  from  one  to  one-and-a-half  thousandths  of  an  inch  in  length.  The  quartz 
gnins  are  sub-angular — none  are  distinctly  rounded.  The  fibres  of  mica  all  point  in 
the  same  general  direction,  but  the  rock  does  not  present  any  distinct  lamination. 

Tlu8  argillite  may  possibly  come  from  some  sedimentary  beds  intercalated  with 
the  Rajmahal  traps  (I  am  personally  ignorant  of  the  locality),  but  there  is  nothing 
in  the  structure  of  the  argillite  to  indicate  any  connection  with  it  and  the  trap.  In 
composition,  too,  it  is  seen  under  the  microscope  to  be  different  from  the  Gaya  pot- 
stones.  The  latter  are  essentially  micaceous-chloriticschistose  rocks,  6r  talcose- 
micaceotts-chloritic  rocks.  The  Gaur  stones  are  fine  grained  sandy  argillites.  Both 
are  metamorphic  sedimentary  rocks.  The  Gaur  rock  is  an  interesting  one  to  the 
student  of  metamorphism.^ 

In  the  Gaya  potstones  I  have  felt  considerable  difl5culty  in  discriminating 
between  hydro-micas  and  talc.  Some  of  these  rocks  undoubtedly  contain  mica; 
a  silvery  mica,  for  instance,  is  very  prominent  in  No.  7 — 205,  even  when  viewed 
macroscopically ;  but  it  is,  I  think,  in  the  present  state  of  our  knowledge,  impossi- 
.ble  to  say  from  optical  evidence  whether  the  micaceous- talcose  mineral  present  in 
these  rocks  is  a  hydro-mica  (presumably  sericite)  or  talc.  M.  M.  Fouqu^  and  Michel 
L^vy  in  their  Miniralogie  Micrographique  give  some  useful  hints  for  discriminating 
between  sericite  and  talc,  but  I  have  not  found  them  sufficient  to  enable  me  to  satisfy 
my  mind  in  this  case,  though  I  have  bestowed  considerable   labour  on  the  subject. 

*  Colonel  McMahon's  decision  that  this  Gaur  stone  is  not  trappean,  increases  the  difficulty 

as  to  whence  it  can  have  been  derived.    The  known  intertrappean  beds  of  the  Rajmahal  hills 

arc  atterlj  different  from  this  stone,  and  always  exhibit  distinctly  their  sedimentary  origin ;  so, 

if  not  igneous,  the  Gaur  stone  can  hardly  have  come  from  that  ground,  and  all  other  rocks  \n 

situ  are  very  distant— H.  B.  M. 
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On  Soundings  recently  taken  off  Barren  Island  and  Narcondam,  by  CoM- 
MANDER  A.  Carpenter,  R.N.j  H.  M.  I.  M.  S.  *  Investigator/  the 
Officer  in  charge  ofjhe  Marine  Survey  of  India. 

In  February  i884f  the  volcanoes  of  Barren  Island  and  Narcondam,  in  the  Bay 
of  Bengal,  were  surveyed  topographically  and  geologically  by  Captain  J.  R.  Hobday 
and  the  undersigned,  the  results  of  our  work  being  published  in  the  Memoirs  of  the 
Geological  Survey  of  India  (Vol.  XXI).  In  the  report  alluded  to  I  pointed  out  ^ 
that  scarcely  any  reliable  soundings  had  been  taken  off  the  shores,  and  that,  although 
there  was  reason  to  believe  that  the  volcanoes  rose  from  very  deep  water,  almost 
nothing  was  known  on  this  point  with  certainty.  The  projected  scientific  cruise  of 
H.  M.  I.  M.  S.  Investigator  seeming  to  afford  a  possible  opportunity  for  examining 
the  ground,  I  drew  up  a  short  note  respecting  the  desideratum  in  question,  which 
was  forwarded  by  the  Director  of  the  Geological  Survey  to  Captain  A.  Carpenter, 
the  Officer  in  charge  of  the  Marine  Survey  of  India,  in  command  of  the  Investigator, 
Our  acknowledgments  are  due  to  him  for  the  readiness  with  which  he  fell  in  with 
the  suggestion  offered,  and  for  die  charts,  of  which  reduced  copies  are  appended 
herewith,  giving  the  results  of  soundings  taken  by  him  last  May. 

The  following  sections  have  been  plotted  from  the  above  soundings,  combined 
with  the  sub-aerial  contours  as  given  by  Captain  Hobday. 

In  respect  to  Barren  Island,  especially,  they  show  very  clearly  how  insignificant 
the  visible  portion  of  the  volcano  is,  in  comparison  with  the  huge  mass  of  ejecta 
which  has  been  piled  up  beneath  the  waves.  The  volcano  certainly  rises  from  a 
depth  of  not  less  than  some  800  fathoms,  giving  a  total  height  from  the  sea-bottom 
of  not  less  than  6,000  feet,  as  the  volcano  stands  at  present,  or  some  8,000  before 
the  upper  part  of  the  outer  cone  was  blown  away.'  But  the  outward  slope  is  still 
continued  at  the  deepest  soimdings  taken,  indicating  that  the  base  of  the  sub-marine 
mountain  (or  the  sea-floor)  must  be  sought  still  further  out,  and  that  the  entire 
altitude  is  still  greater  than  that  given.' 

Most  sections  of  the  inner  cone  present  an  angle  of  32^  while  the  average  slope 
of  the  outer  cone  above  water  has  been  estimated  at  about  25^^  Of  the  sub-marine 
slopes  plotted  B  has,  near  the  shore  (i,e,  inside  the  first  sounding),  the  remarkably 
steep  inclination  of  32^^,  the  sub-aerial  slope  above  being  only  21°.  At  C  the 
corresponding  inclinations  are  nearly  equal,  or  28^  and  30^^.  A  shelves  more 
gradually,  or  at  19^,  which  may  perhaps  be  attributed  to  the  latest  outpour  of  lava 
through  the  breach  into  the  sea.^  D  is  not  steeper  near  the  shore  than  considerably 
further  out. 

Taking  the  entire  lines  of  sounding  into  consideration  the  mean  inclinations  for 
equal  distances  are  fairly  uniform  with  one  exception.    Thus  the  inclinations  of  A, 

'  Memoirs,  Geol.  Surv.  of  India,  Vol.  XXI,  pp.  258,  281. 

«  Ibid,  p.  257. 

'Since  the  above  was  written,  later  soundings,  given  in  the  letter  published  below,  have 
been  received  from  Captain  Carpenter,  which  indicate  a  probable  total  height  of  some  8,000  ft., 
at  present,  and  10,000  formerly* 

•  Op.  cit.  257. 

Wide  Map,  Op.  cit. 
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B,  and  C  for  the  first  2\  miles  from  shore  (the  total  length  of  the  shortest  line  B) 
are  respectively  i6J°,  i8i°  and  20 J°. 

The  reason  why  the  water  is  comparatively  shallow  to  S.S.W.  of  the  volcano 
(along  the  line  D)  is  not  very  apparent.  Any  effect  caused  by  the  action  of  the 
^pvind,  during  the  eruption  of  fragmentary  ejecta,  would  be  aought  for  on  the  op- 
posite side  of  the  island,  Le.  to  leeward  of  the  south-west  monsoon.^  According 
to  the  charts  of  the  Bay  of  Bengal,  just  issued  by  the  Meteorological  Department, 
the  currents  are  very  irregular  in  that  part  of  Bay,  so  that  the  effect  in  question  can 
scarcely  be  attributed  to  a  persistent  set  of  detrital  material  in  one  direction.  The 
shallow  water  is  in  the  continuation  of  the  line  joining  Narcondam  and  Barren  Island, 
a  fact  which  lends  some  little  support  to  the  idea  that  one  or  more  sub-marine 
eiuptions  have  occurred  there ;  but  in  this  case  one  would  expect  a  more  irregular 
sea-bottom  than  the  soundings  indicate.  It  may  be,  indeed,  that  eruptions  of  ash, 
&c^  have  occurred  as  suggested,  and  that  the  material  has  been  distributed  over  the 
sur&Lce  by  the  action  of  currents. 

Both  sections  of  Barren  Island  show  along  the  8ub*marine  slopes  that  curvature 
of  outline,  due  to  gradually  decreasing  inclination,  which  is  so  common  in  sub-aerial 
volcanoes,  and  of  iR^ich  an  admirable  example  is  to  be  found  in  the  great  Japanese 
volcano  of  Fusiyama. 

Samples  of  the  material  brought  up  by  the  lead  from  nine  of  the  soundings' 
(including  the  deepest  and  furthest  out)  were  sent  to  the  Museum  by  Captain  Car- 
penter. The  stony  matter  consisted  in  every  case  of  grains  and  small  pellets  of 
black  volcanic  ash.  With  reference  to  organisms  Captain  Carpenter  writes — "  I 
consider  that  there  was  a  remarkable  paucity  of  marine  foraminifera  deposit  over 
the  volcanic  or  pluvial  detritus  in  the  depths  round  Narcondam  Island,  and  a 
complete  absence  round  Barren  Island  for  many  miles,  which  appears  to  show  the 
slowness  with  which  marine  deposits  are  made  in  that  portion  of  the  ocean.  You 
will  notice  on  the  tracings  of  our  soundings  that  I  have  noted  the  occurrence  of 
globigerina  and  pteropod  shells  round  Narcondam,  but  only  in  three  cases  was  the 
major  part  of  the  formation  composed  of  marine  ooze.''  That  there  should  be  more 
organic  deposit  on  the  sea-bottom  off  the  shores  of  an  extinct  volcano,  like 

*  Op.  cii.,  p.  255. 

*  The  soundings  in  question  were :— • 


Point  to  which  bearing  was 
taken. 


Cone 

Ditto 

Ditto 

Peak,  1,095  ft. 

Ditto 

Cone 

Peak,  i/)32  ft 

Ditto 

Cone        • 


■ 


Magnetic  bearing. 


S.  7^ 

S.  78" 
S.  7^ 

N.  64^ 

N.67'' 

S.    12** 

N.33' 

N.3i<» 
S,  2I« 


30'  E. 

45'  E. 
5</  E. 
45' W. 
45' W. 

55;  w. 

10'  E. 
28'  E. 
51'  E. 


Depth  in 
fatboms. 

Surface  Temp. 

Temp,  at 

of  Sea. 

bottom  of  Sea. 

855 

644 

85«»-8  F. 

43'*0  F. 

456 

433 

641 

782 

••• 

4i''-8  F. 

299 

413 

325 

The  surface  temperatures  at  two  other  soundings  were  86°  'o  and  86°  '5.    The  temperatures 
given  above  are  corrected  for  pressure. 
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Narcondam,  than  round  an  active  one  like  Barren  Island,  is  what  might  perhaps  be 
expected.  Such  deposits  in  the  latter  case  are  always  liable  to  be  buried  beneath 
showers  of  ash.^  ^  j 

It  will  be  noticed  that  the  soundings  off  Narcondam  are  on  the  whole  shallower 
than  those  round  Barren  Island.    To  a  certain,  but  probably  to  only  a  smaB,' 
extent  this  may  be  due  to  the  raising  of  the  sea-bottom  through  the  wash  of  detritus ' 
off  the  flanks  of  the  extinct  volcano. 

It  would  seem,  however,  that  the  minimum  depth  assignable  to  the  sea-floor 
cannot  be  less  than  some  600  fathoms,  which  would  give  a  total  height  to  the 
volcano  of  about  6,000  feet. 

F.  R.  Mallet. 

Since  the  above  was  written.the  subjoined  interesting  letter,  from  Captain  Carpenter^  i 
dated  22nd  November,  has  been  received. 

"  In  continuation  of  my  letter  No,  903  of  ist  November  1886, 1  have  to  acquaint; 
you  that  on  passage  to  Burma  this  month  I  took  deeper  soundings  between  Barreir' 
Island  and  Narcondam  Island,  obtaining  these  casts  :  — 

Fathoms.  Miles. 

1,140  25 i    N.  of  Barren  Island 

1,0x0  24^    S.S.W.  of  Narcondam. 

362  9^    N.N.E.  of  do. 

290  "  16      N.N.E.  of  do. 

70  52      N.N.E.  of  do. 

On  the  tracing  sent  you  last  July  there  is  a  cast  of  411  fathoms  at  4  J  miles  N.N.E.*^ 
of  Narcondam ;  and  on  the  published  charts  there  is  about  50  fathoms  at  7c  miles  J 
N.N.E.  of  it,  from  which  the  depths  shoal  gradually  to  the  delta  of  the  Irrawaddy*^ 
It  therefore  appears  that  the  deltaic  shelf  extends  right  out  to  Narcondam. 

A  thermometer  sent  to  the  bottom  at  the  1,010  fathoms  cast  shewed  41^*1^ 
corrected  temperature  Fahrenheit.  The  usual  temperature  of  the  Bay  of  Bengal  at^ 
1,010  fathoms  is  37**'6,  and  the  temperature  4i°*2  is  that  suitable  to  a  depth  of  740^ 
fath6ms.  If  we  look  at  a  chart  of  the  east  side  of  the  Bay  of  Bengal  we  see  thatf 
there  are  three  inlets  into  this  partly  enclosed  sea.  One  is  only  150  fathoms  deep, 
m.,  Preparis  Channel ;  one  is  not  marked  with  any  depth,  viz,^  the  Ten  degree*^ 
channel ;  and  one  has  760  fathoms  marked  nearly  on  the  ridge  between  Acheen> 
Head  and  Great  Nicobar. 

As  you  are  doubtless  aware,  the  cold  of  the  great  ocean  depths  is   due  to  the^ 
gradual  flow  of  Arctic  and  Antarctic  waters  towards  the  equator,  and  it  has  been' 
shown  by  the  Challenger  expedition  that  where  the  cold  flow  rises  to  pass  over  a  ridge; 
it  becomes  warmed,  and  does  not  again  lose  its  heat  on  descent  into  a  deeper  bed. 

This  temperature  then  at  1,010  fathoms,  equal  to  the  normal  temperature  at  746 
fathoms,  seems  to  prove,  as  far  as  one  observation  can  be  a  proof,  that  no  greater 
depth  than  740  fathoms  exists  on  the  ridges  between  Acheen  Head  and  Great  Nicobar* 
nor  in  the  Ten  degrees  channel." 

^  While  on  the  subject  of  Barren  Island,  I  should,  mention  that  Mr.  Daley,  Apothecary  of 
the  Investigator,  landed  on  the  28th  April,  and  noted  the  temperature  of  the  hot  spring  as 
110°  F.  This  is  interesting  as  showing  that  the  decrease  of  temperature  which  has  been  going  oa 
during  the  last  quarter  of  a  century  (Mem.  Geol.  Surv.  of  India,  XXI,  275)  still  continues* 
Captain  Carpenter  remarked  that  "  from  the  ship  the  thin  column  of  steam  (from  the  central 
cone)  could  be  barely  seen  at  3  miles  distance." 
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Note  on  a  character  of  the  Talchir  boulder  beds,  by  W.  T.  BlanfORD, 

F.R.S. 

There  is  a  character  of  the  Talchir  boulder  bed  to  which  I  do  not  think  atten- 
tion has  been  called,  but  which  appears  to  me  to  throw  some  light  on  the  origin  of  the 
deposit.    This  is  the  combination  of  large  size  with  thorough  rounding  of  the  boulders. 

In  many  places  boulders  exceeding  a  foot  in  diameter  are  as  common  as  smaller 
fragments,  sometimes,  if  my  memory  is  correct,  more  abundant,  whilst  thoroughly 
rounded  masses  of  2  and  3  feet  in  diameter  are  of  frequent  occurrence,  and 
even  larg^  rounded  boulders  may  be  found.  I  have  measured  more  than  one  6 
feet  in  extreme  length.  The  boulders  are  often  almost,  or  quite,  spheroidal  in  shape, 
evidently  from  the  effect  of  being  rolled. 

Now  rolled  boulders  of  this  size,  exceeding  a  foot  in  diameter,  are,  I  believe,  of 
extremely  rare  occurrence  on  sea  coasts.  I  have  not  for  many  years  had  an  oppor- 
tunity of  visiting  a  stormy  coast  composed  of  hard  rocks,  but  so  far  as  I  can  learn 
from  enquiry  large  rounded  boulders  are  not  often  met  with  in  any  quantity.  In 
large  rivers  such  rounded  masses  are  also  infrequent,  and  are  only  found  in  very 
rapid  streams,  such  as  the  Nerbudda.  When  they  do  occur,  they  are  few  in  number, 
compared  with  the  smaller  pebbles.  Large  rounded  blocks  with  but  few  associated 
smaller  fragments  are,  so  far  as  my  experience  serves,  characteristic  of  hill  or 
mountain  torrents. 

I  may  be  mistaken  on  these  points,  but  I  think  the  question  is  worth  raising. 
If  I  am  correct  it  seems  probable  that  the  Talchir  boulders  are  derived  from 
rapid  streams.  The  beds  themselves  however  in  their  fine  texture  and  general 
absence  of  false  bedding  indicate  deposition  from  still  or  slowly  moving  water. 
My  impression  is  that  they  were  formed  in  large  marshes  or  lake-like  expansions 
of  great  river  valleys.  The  utter  unconformity  between  the  Talchirs  and  all  under- 
lying formations  indicates  a  great  change  in  the  condition  of  the  country  at  the 
commencement  of  the  Gondwina  period,  a  change  by  which  an  area  of  subaerial 
denudation  was  converted  into  one  of  partial  deposition.  If  the  change,  as  is  prob« 
able,  was  one  diminishing  the  fall  in  the  river  valleys,  a  natural  result  would  be  that 
in  portions  of  thosp  valleys  there  would  still  be  a  sensible  though  diminished  fall, 
whilst  other  parts  would  be  converted  into  large  marshes  or  shallow  lakes.  In  the 
latter  the  Talchirs  may  have  been  deposited,  the  boulders  being  floated  in  from 
stream  beds  in  the  surrrounding  hills.  The  only  known  agent  in  floating  such 
boulders  is  winter  ice,  especially  when  broken  up  by  floods  in  spring ;  water  weeds  and 
roots  of  trees  could  not  account  for  the  number  and  frequent  occurrence  of  the 
boulders  in  so  many  different  places.  The  circumstance  that  the  boulders  are  of 
irregular  occurrence,  abundant  in  places,  in*.others  absent,  is  quite  in  accordance  with 
the  theory  put  forward. 

It  should  be  understood  that  the  Talchir  beds  to  which  I  refer  in  this  note  are 
those  of  Bengal  and  the  Central  Provinces  generally.  Mr.  R.  D.  Oldham  has 
recently  shown  that  the  boulder  beds  noticed  by  myself  some  years  ago  in  Western 
Rajputana  are  also  probably  Talchirs,  but  I  quite  agree  with  him  that  these  differ 
from  the  typical  deposits  in  several  respects. 

X 
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Analysis  of  Phosphatic   Nodules  from   the   Salt-range,  Punjab^ 

by  H.  Warth,  Ph.D. 

The  analysis  shows  the  following  composition : — 

Insoluble  silica,  &c. 4 

Phosphorus  pentozide 30 

Carbon  dioxide 4 

Sulphur  trioxide 3 

Chlorine • trace. 

Aluminium » 

Ferrous  oxide •        •         .        •        •  ^  ^ 

Magnesium  oxide 9 

Balance — Calcium  oxide,  water,  organic  matter  and  loss       •         •         •      56 

100 

The  proportion  of  phosphorus-pentoxide  is  equivalent  to  66  per  cent,  of  ordinary 
pure  calcium  phosphate. 

These  nodules  occur  in  the  shales  above  the  coal  in  the  eocene  strata  of  the 
Eastern  Salt  Range  in  the  Punjab. 

They  are  covered  all  over  with  peculiar  circular  pores.  Very  often  shells  are 
also  found  metamorphosed  into  the  same  phosphatic  mineral. 

The  nodules  are  very  numerous  about  Dandot  Colliery  and  the  neighbourhood. 
The  quantity  of  material  (as  far  as  it  was  followed  up)  was  not  found  sufficient  for 
practical  utilisation,  but  the  occurrence  is  so  far  of  interest  as  it  afiFords  another  proof 
of  the  presence  of  phosphatic  mineral  in^e  sedimentary  strata  of  India, 
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ADDITIONS  TO  THE  MUSEUM. 
From  ist  October  to  31ST  Drcsmbkr  1886. 

A  series  of  16  specimens  in  mahogany  case,  illustrating  the  extraction  of  copper  from 
cupreous  pyrites. 

Prbsbntrd  by  thb  Tharsis  Sulphbr  &  Copper  Co.,  Ld.,  Glasgow. 

Nine  specimens  of  minerals  from  diCEerent  localities  in  England. 

Presented  by  the  British  Museum. 

Spedmens  of  magnetite  and  liraonite  and  steatite  from  Gangai,  Jabalpur  district. 

Presented  by  Mr.  C.  W.  McMinn,  cs. 


ADDITIONS  TO  THE  LIBRARY. 

From  ist  October  to  318T  December  1886. 

TiiUs  of  Sooks^  Donors, 

Allen,  Alfred  ff. — Commercial  Organic  Analysis,  2nd  edition.  Vol.  I.  2P  London,  1885. 
Ball,  VdUntine. — Observations  on  lion-breeding  in  the  gardens  of  the  Royal  Zoological 

Society  of  Ireland.    4*"  Pam.  Dublin,  1886.  The  Author. 

Becker,  George  F.— The  Washoe  Rocks.  8^  Pam.  San  Francisco,  1885.    The  Author. 

Dabney,  Charles  W. — Methods  of  analysis  of  Commercial  Fertilizers.    8"  Pam.  Wash- 

ington,  1885.  Revenue  &  Agricultural  Department. 

Deslonochamps,  Eughie  Eudes.^Sotes  Pal^ontologiques.  Vol.  I.    8°  Paris,  1863-1869. 

J.  Wood-Masok. 

Emmons,  S.F,,  and  Becker,  George  F. — Statistics  and  technology  of  the  precious  metals. 

4^  Washington,  1885.        Revenue  &  Agricultural  Department. 

Exhibitions. — Allgemeine  Landes-Ausstellung  zu  Budapest,  1885.  Special-katalog  der 

Vl-ten  Gruppe  fur  Bergbaui  Huttenwesen  und  Geologie.    8®  Buda- 
pest, 1885.  Royal  Hungarian  Geological  Institute. 

M  Die  Koniglich  Ungarische  Geologische  Anstalt  und  deren  Ausstellungs- 

Objecte.    8*"  Budapest,  1885, 

Royal  Hungarian  Geological  Institute. 

$9  Colonial  and  Indian  Exhibition,  London,  1886.    Descriptive  catalogue 

of  a  collection  of  the  Economic  Minerals  of  Canada  by  the  Geological 
Corps.    8®  London,  1886.  Geological  Survey  op  Canada. 

s»  Colonial  and  Indian  Exhibition.    Official  catalogue.    2nd  edition.    8* 

London,  1886. 
>»  Colonial  and  Indian  Exhibition,  1886.      Empire  of    India.     Special 

catalogue  of  exhibits  by  the  Government  of  India  and  prh^ate  exhibit 
tors.    8**  London,  1886. 
Gannett,  Henry. — Report  on  the  building  stones  of  the  United  States,  and  statistics  of 

the  quarry  industry  for  1880.    4'  Washington,  1883. 

Revenue  &  Agricultural  Department. 
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Titles  of  Books.  Donors. 

Geikib,  Archibald. — Outlines  of  Field-Geology.    3rd  edition.    8'  London,  1882. 
Govi,  Gilberto.^VOitACSi  di  Claudio  Tolomeo.    8'  Torino,  1885. 

Royal  Academy  op  Sciemcbs,  Turiv. 

Gregory,  James  /?.— The  Bois  de  Fontaine  meteorite,  and  its  probable  identity  with 

that  of  Charsonville  of  1810.    8'  Pam.  London,  1886.     The  Author. 

Kbrpely,  i4it^on  K.— Die  Eisenindustrie  Ungarns  zur   Zeit  der  Landes-Ausstellung^ 

1885.    8'  Pam.  Budapest,  1885. 

Royal  Hungarian  Geological  Institute. 

Mines.— Mining  and  mineral  statistics    of  the  United  Kingdom  of  Great  Britain  and 

Ireland,  including  lists  of  mines  and  mineral  works  for  1885.    Flsc. 
London,  1886.  Revenue  &  Aoricultu  ral  Department* 

„         New  South  Wales.    Mining  Act  (37  Victoria,  No.  13) ;  also  amending  Acts 

with  regulations  thereunder.    6lh  edition.    8**  Sydney,  1885. 

Mining  Department,  N.  S.  W. 

„  United  States  Mining  Laws  and  Regulations  thereunder,  and  State  and  Terri- 
torial Mining  Laws,  to  which  are  appended  local  mining  rules  and 
regulations.    4"  Washington,  1885. 

„         Victoria,    Various  Mining  Acts  in  force  in  Victoria,  4"  Melbourne,  1865 — 1885. 

Mining  Department,  Victoria. 

Morse,  Edward  5'.^Ancient  and  modern  methods  of  Arrow- Rislease.  8"*  Pam.  Salem, 

Mass,  1885.  The  Author* 

Norwegian  North  Altantic  Expedition,  1876— 1878.    Zoology.     Crustacea,  II.    By  G. 

O.  Sars.    4**  Christiania,  1886.  The  Committee. 

Noth,  J, — Ueber  die  bisher  erzielten  resultate  und  die  Aussichten  von  Petroleumschur- 

fungen  in  Ungarn.    8*^  Pam.,  Budapest,  1885. 

Royal  Hungarian  Geological  Institute. 

Obach,  Theobald* — Ueber  Drahtseilbahnen.    8°  Pam.,  Budapest,  1885. 

Royal  Hungarian  Geological  Institute. 

Oldham,  Thomas* — The  coal  resources  and  production  of  India.    Flsc,  Calcutta,  1867. 

H.  B.  Mbdlicott. 

PIlffy,  Jose/.'^Der  Goldberg bau  Siebenburgens.    8'  Pam.  Budapest,  1885. 

Royal  Hungarian  Geological  Institute. 

Peckham,  S.  ^.-» Report  on  the  production,  technology  and  uses  of  Petroleum  and  its 

products.    4"  Washington,  1882. 

Revenue  and  Agricultural  Department* 

Petroleum. — Petroleum  Act,  1879  (4^  ^"^  43  Vict.,  ch.  47).    8**  Pam.,  London,  1879. 
QuATREFAGES,  Armaftd  de, — Introduction  a  I'^tude  des  Races  Humaines.     8**  Paris, 

1-887.  The  Author. 

Sachs,  3^«/fttf,— Text-book  of  Botany,  morphological  and  physiological.     Edited,  with 

an  appendix,  by  Sydney  H.  Vines.  2nd  edition.    8**  Oxford,  1882. 

Smyth,  /?.  Brough.^The  Prospector's   Handbook.    A  catalogue  of  useful  minerals 

which  may  be  sought  for  in  Victoria.     2nd  edition.    8°  Pam.,  Sand- 
hurst, 1886. 

Saltz,  Wilhelm  v.— Theorie  und  Beschreibung  des  Farbaky  und  Soltz'  schen  continuir« 

lich  wirkenden  Wassergasofens.    8®  Pam.,  Budapest,  1885. 

Royal  Hungarian  Geological  Institute. 
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Titles  of  Books,  Donors^ 

Stxnzbl,  K.  (7K5f0v»— Rhi2odendron  Oppoliense  Gopp.    8**  Pam.^  Breslau,  1886. 

SiLBSIAN  SOCIRTY9  BrBSLAU. 

Stoliczka,  Ferdinand, — Scientific  results  of  the  second  Yarkund  Mission.    Memoir 

of  the  life  and  work  of  Ferdinand  Stoliczka.    By  V.  Ball.    4**  London, 
1886.  Revenue  and  Agricultural  Department. 

SzABO,  Josef. — Geschichte  der  geologie  von  Schemnitz.    8®  Pam.  Budapest,  1885. 

Royal  Hungarian  Gjbolooical  Institute. 

SzuTS,  £'/fa5.—KIeinere  details  uber  die  Nasse  Aufbereitung.    8*^  Pam.,  Budapest,  1885. 
Weeks,  Joseph  D, — Report  on  the  manufacture  of  coke.    4*  Pittsburgh,  1883. 

Revenue  and  Agricultural  Department. 

Wiley,  Harvey  PF^.^Experiments  with  diffusion  and  carbonatation  at  Ottawa,  Kansas, 

campaign  of  1885.    8^  Pam.  Washington,  1885. 

Revenue  and  Agricultural  Department. 

Wittstein,  G,  C, — ^The  organic  constituents  of  plants  and  vegetable  substances  and 

their  chemical   analysis.    Translated  from  the  German  by  Ferd.    von 
Mueller.    8°  Melbourne,  1878. 


PERIODICALS,  SERIALS,  &c. 

American  Journal  of  Science.    3rd  series.  Vol.  XXXII,  Nos.  190-191.  8'  New  Haven, 

1886.  The  Editors. 

American  Naturalist.     Vol.  XX,  No.  6-9.    8"^  Philadelphia,  1886. 

Annalen  der  Physik  und  Chemie.     Neue  Folge,    Band  XXIX,  Nos.  9-11.    8**  Leipzig, 

1886. 

Annales  des  Mines.    8"'  s^rie.  Tome  IX,  livr  2.    8"  Paris,  1886. 

Department  of  Mines. 

Annales  des  Sciences  Naturelles*    Botanique.  7"*  s^rie.  Tome  IV,  Nos.  1-4.  8^  Paris, 

1886. 

Annales  des  Sciences  Naturelles.    Zoologie  et  Pal^ontologie.    6"*  s^rie.  Tome  XX, 
.        Nos.  5-6.    8*  Paris,  1886. 

Annals  and  Magazine  of   Natural  History.    5th  series.  Vol.  XVIII,  Nos.  106-108.    8** 

London,  1886. 

Archiv  fur  Naturgeschichte.    Jahrg.  LI,  heft  5 ;  Jahrg.  LI  I,  Band  I,  heft  i,  and  Band  II, 

heft  2.    8""  Berlin,  1885-1886. 

Athenaeum.     Nos.  3073-3085.    4"  London,  1886. 

Beiblatter  zuden  Annalen  der  Physik  und  Chemie.    Band  X,  Nos.  9-11.    8*^  Leipzig, 

1886. 

Biblioth^que  Universelle.    Archives  des  Sciences  Physiques  et  Naturelles.    3"*  P^riode, 

Tome  XVI,  Nos.  7-8;    8'  Geneve,  1886. 

Biblioth&que  Universelle  et  Revue  Suisse.    3"*  Periodc,  Tome  XXXI,  Nos.  92-93. 

8°  Lausanne,  1886. 

Botanisches  Centralblatt.    Band  XXVII,  Nos.  38-39,  and  Band  XXVIII,  Nos.  i-ii. 

8''  Cassel,  1886. 

Chemical  News.    Vol.  LIV,  Nos.  1399-1411.    4^  London,  1886. 

Colliery  Guardian.    Vol.  LII,  Nos.  1342-1354.    fol.  London,  1886. 

Das  Ausland.    Jahrg.  LIX,  Nos.  37*49-    4**  Stuttgart,  i886» 
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Geological  Magazine.    New  series,  Decade  III,  Vol.  Ill,  Nos.  10-12.  8"  London,  1886. 

Indian  Engineer.    Vol.  II,  Nos.  1-7.    4^  Calcutta,  1886.  Thb  Editor. 

Iron.    Vol.  XXVIII,  Nos.  714-726.    fol.  London,  1886. 

Journal  de  Conchyliologie.    3"'  s^rie.  Tome  XXVI,  No.  2.    8"  Paris,  1886. 

Just's  Botanischer  Jahresbericht.    Jahrg.  XI,  Abth.  II,  heft  2,  and  Jahrg.  XII,  Abth.   I, 

heft  1-2.    8'  Berlin,  1886. 

London,  Edinburgh,  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.    5th 

series.  Vol.  XXII,  Nos.  137-139.    8'  London,  1886. 
Mining  Journal.    Vol.  LVI,  Nos.  2664-2676.  fol.  London,  1886. 
Naturse  Novitates.    Jahrg.  VIII,  Nos.  18-24.    8**  Berlin,  1886. 

Nature.    Vol.  XXXIV,  Nos.  881-893.    4"*  London,  1886. 

Neues  Jahrbuch  fur  Mmeralogie,  Geologic  and  Palaeontologie.    Jahrg.  1886,  Band  II, 

heft  3.    8**  Stuttgart,  1886. 
Petermann's  Geographische  Mittheilungen,    Band  XXXII,  Nos.  ^ii.    4°  Gotha,  1886. 

„  „  Supplement  No.  84.    4^  Gotha,  1886. 

Professional  Papers  on  Indian  Engineering.    3rd  series.  Vol.  IV,  N0.14.    fisc.  Roorkee, 

1886.  Thomason  Collxob  op  Civil  Enginrerino. 

Quarterly  Journal  of  Microscopical  Science.    New  series.  Vol.  XXVII,  pt.  3.    8**  Lor- 

don,  1886. 
The  Oil  and  Colourman's  JournaL    Vol.  VII,  Nos.  65-76.    4*  London,  1886. 
Zeitschrift  fur  Naturwissenschaften.    Folge  IV,  Band  V,  heft  3.    8'  Halle,  1886. 

GOVERNMENT  SELECTIONS,  REPORTS,  &c. 

BBMOAL.—Quarterly  Bengal  Army  List.    New  series.  No.  98.    8*"  Calcutta,  i886. 

Government  op  India. 

BoMBAT. — Selections  from  the  Records  oT  the  Bombay  Government.    New  series,  Nos. 

i86-i88, 190  and  191.    flsc.  Bombay,  1886.      Bombay  Government. 

Cbntral  Provinces. — Note  on  an  inspection  of  the  forests  in  the  Central  Provinces, 

November  1885  to  February  1886.    flsc.    Simla,  1886. 

Government  op  India. 

(ndia. — Administration  report   on  the  railways  in  India  for   1885-86.    Part  II.     flsc. 
Calcutta,  1886.      Government  of  India,  Public  Works  Department. 

Annual  statement  of  the  trade  and  navigation  of  British  India  with  Foreign 
Countries,  &c.  Vol.  I,  No.  20,  Foreign  Trade,  and  Vol.  II,  No.  20, 
Coastmg  Trade.    4**  Calcutta,  i886.  Government  op  India. 

List  of  Civil  Officers  holding  gazetted  appointments  under  the  Government  of 
India,  in  the  Home,  Legislative,  Foreign  and  Revenue  and  Agricultural 
Departments,  &c.,  corrected  to  ist  July  1886.    8*^  Calcutta,  1886. 

Government  op  India. 

„        Meteorological  observations  recorded  at  six  stations  in  India  corrected  and 

reduced.    June  to  August  1886.    4**  Calcutta,  1886. 

Meteorological  Reporter  to  Government  of  India. 

„        Report  on  the  administration  of  the  Meteorological  Department  of  the  Govern- 
ment of  India  in  1885-86.    4"  Calcutta,  1886. 

Meteorological  Reporter  to  Government  of  India. 
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India. — Report  on  the  administration  of  the  Northern  India  Salt  Revenue  Department 

for  1885*86.   flsc.  Ag^a,  1886.    Commissioner,  N.  I.  Salt  Revenue. 

,y       Selection3  from  the  Records  of  the  Government  of  India,  Fordgn  Department. 

Nos.  216  and  232.    fisc.  Calcutta,  i886.  Government  of  India. 

Madras.— Manual  of  the  administration  of  the  Madras  Presidency^  in  illustration  of  the 

Records  of  Government  and  the  yearly  administration  reports,    flsc. 
Madras,  1886.  Madras  Government. 

TRANSACTIONS,  PROCEEDINGS,  &c.,  OF  SOCIETIES*  SURVEYS,  &c. 

Baltimore. — Johns  Hopkins  University  Circulars.    Vol.  I,  Nos.  1,3-10,12-18;  Vol. 

II,  Nos.   19.22,  24-26;  Vol.  Ill,  Nos.  27-33;  Vol.  IV,   Nos,  34-39, 
41-42 ;  Vol.  V,  Nos.  43-51 ;  VI,  Nos.  52-53.    4**  Baltimore,  1879—1886. 

Johns  Hopkins  University. 

„  Annual  report  of  the  President  of  the  Johns  Hopkins   University.    1882 

to  1884.    8*  Baltimore,  1882 — 1884.        Johns  Hopkins  University. 

„  Johns  Hopkins  University.     Studies  from  the  Biological  Laboratory. 

Vol.  Ill,  Nos.  1-8.    8**  Baltimore,  i884--i886. 

Johns  Hopkins  University. 

„  Johns  Hopkins   University  Studies  in  Historical  and  Political  Science. 

4th  series.  No.  10.    8*^  Baltimore,  1886. 

Johns  Hopkins  University. 

The  Johns  Hopkins  University  Register,  1885-86.    8'  Baltimore,  1886. 

Johns  Hopkins  University. 

American  Chemical  Journal.  Vol.  VIII,  Nos.  4  and  5.  8'  Baltimore, 
1886.  Johns  Hopkins  University. 

American  Journal  of  Mathetpatics.  Vol.  VIII,  No.  4,  and  IX,  No.  i. 
4*  Baltimore,  1886.  Johns  Hopkins  University. 

American  Journal  of  Phik)logy.  Vol  VII,  Nos.  2  and  3.  8'  Baltimore, 
i886.  Johns  Hopkins  University. 

Bafavia.— Catalogus  der  Numismatische  Verzameling  van  het  Bataviaasch  Genoots- 

chap.    Door  J.  A.  van  der  Chjjs.    Druk  III.    8"*  Batavia,  1886. 

Batavian  Society. 

„  Nederlandsch-Indisch  Plakaatboek,  1602— 181 1.    By  J.  A.  van  der  Chijs. 

Deel  III.    8°  BaUvia,  1886.  Batavian  Society. 

Notulen  van  het  Bataviaasch  Genootschap  van  Kunsten  en  Wetenschappen. 

Deel  XXIV,  afl.  3.    8*  Batavia,  1886.  Batavian  Society. 

Tijdschrift  voor  indische  Taal-Land-en  Volkenkunde.  Deel  XXXI,  afl.  4.   8** 

BaUvia,  1886.  Batavian  Society. 

Berlin.— A bhandlungen  der  koniglichen  Akademie  der  Wissenschaften,  1885.    4' 

Berlin,  1886.  The  Academy. 

Zeitschrift  der  Deutschen  geologischen  Gesellschaft.    Band  XXXVIII,  heft 

3.    8»  Berlin,  1886.  German  Geological  Society. 

Breslau.— Jahres-Bericht   der   Schlesischen    Gesellschaft  fur  vaterlandische    Cultur. 

No.^.    8**  Breslau,  1886.  The  Society. 

Brisean£.«  Proceedings  of  the  Queensland  Branch  of  the  Geographical  Society  of 

Australasia.    Vol.  I.    8**  Brisbane,  1886.  The  Society. 
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Bristol. — Proceedings  of  the  Bristol  Naturalists'  Society.  New  series.   Vol.  V,  pt.  i. 

8'  Bristol,  1886.  Thb  Society. 

Brussbls. — Annates  de  la  Soci^td  Royale  Malacologique  de  Belgique.    3"*  sdrie.  Tome 

V.    8°  Bruxelles,  1885.  Thb  Society. 

Proems- Verbaux  des  Stances  de  la  Soci6t6  Royale  Malacologique  de  Belgi- 
que.   Tome  XV.  pp.  I— XCVI.    8"*  Bruxelles,  1886.    The  Society. 
Bulletin  de  la  Soci6t6  Royale  Beige  de  G^raphie.    Ann^e  X,  Nos.  3-4. 
8''  Bruxelles,  1886.  The  Society. 

Bulletin  du  Mus^e  Royal  d'Histoire  Naturelle  de  Belgrque.  Tome  IV> 
No.  3.    8°  Bruxelles,  1886.  The  Museum. 

Budapest.— A  Magyar  kir,  FSldtani  Intezet  fevkonyve.  Kotet  III,  3,  and  IV,  4.    8' 

Budapest,  1 875-1 876.     Royal  Hunoarian  Geological  Institute. 

„  Erlauterungen   zur    geologischen   specialkarte  der    Lander  der  Ungar. 

Krone.     Blatt  K.  14.    With  map.    8''  Budapest,  1886. 

Royal  Hungarian  Geological  Institute. 
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Geologische  Mittheilungen  der  Ungarischen  Geologischen  Gesellschaft. 
Band  XV,  6-12,  and  XVI,  1-6.     8**  Budapest,  1885—1886. 

Royal  Hungarian  Geological  Institute. 

Jahresbcricht  der  K.  U.  Geologischen  Anstalt   fur  1884.  8'  Budapest,  1885. 

Royal  Hungarian  Geological  Institute. 

„  Mittheilungen   aus  dem  Jahrbuche  der  Kon.  Ungarischen  Geologischen 

Anstalt.    Band  VII,  heft  5,  and  VIII,  heft  1-3.    8^  Budapest,  1886. 

Royal  Hungarian  Geological  Institute. 

Buenos  Aires. — Boletin  de  la  Academia  Nacional.  de  Ciencias  en  Cordoba.  Tomo 

VIII,  No.  4.    8'  Buenos  Aires,  1885. 

National  Academy  of  Sciences,  Cordoba. 

Calcutta. — Indian  Museum.    Annual  report,  lists  of  accessions,  and  selected  extracts 

of  minutes.    April  1885  to  March  1886.   Vol.    XVII.    8'  Calcutta, 
1886.  Indian  Museum. 

Journal  of  the  Asiatic  Society  of  Bengal.  New  series,  Vol.  LV,  part  I, 
No.  3,  and  part  II,  No.  3.    8"  Calcutta,  1886.  The  Society, 

Proceedings  of  the  Asiatic  Society  of  Bengal  Nos.  VIII— IX.  8"  Calcutta, 
1886.  Thb  Socibty. 

Palsontologia  Indica.  Series  X,  Vol.  IV,  pt,  2;  Series  XII,  Vol.  IV,  pt. 
2;  Series  XIII,  Vol.  I,  pt.  6;  and  title  page  and  contents  of  Series 
VII  and  XIV,  Vol.  I.    4**  Calcutta,  1886. 

Geological  Survey  op  India. 

Records  of  the  Geological  Survey  of  India.  Vol.  XIX,  pt.  4.  8*  Calcutta, 
1886.  Geological  Survey  op  India. 

Survey  of  India  Department.  Notes  for  September  to  November,  flsc. 
Calcutta,  1886.  Survey  op  India  Department. 

Cambridge,  Mass*— Bulletin  of  the  Museum  of  Comparative  Zoology.  Vol.  XII,  No.  6, 

and  Vol.  XIII,  No.  i.    8"  Cambridge,  1886.  The  Museum. 

Cincinnati. — Journal  of  the  Cincinnati  Society  of  Natural  History.    Vol.  IX,  No,  3. 

8'  Cincinnati,  1886.  The  Society. 
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Dehra  Dun. — Trigonometrical  Branch,  Survey  of  India.  Spirit*leveled  heights,  Nos.  2 

and  3,  Bombay  Presidency  and  Nizam's  Dominions.    Revised  edition. 

8**  Dehra  Dun,  1886. 
Dublin. — Journal  of  the  Geological  Society  of  Dublin.    Vol.  VII,  pt.  5,  VIII,  pts.  2-3, 

and  IX,  pt.  I.    8"  Dublin,  1857— 1861. 
i.         Journal  of  the  Royal  Geological  Society  of  Ireland.    New  series.  Vol  VII, 

pt.  I.    8**  Dublin,  1886,  The  Society. 

Edinburgh.— Scottish  Geographical  Magazine.    Vol.  II,  Nos.  lo-ii.    8*  Edinburgh, 

1886.  Scottish  Geographical  Society. 

Glasgow. — Glasgow  University  Calendar  for  1886-87.    8°  Glasgow,  1886. 

Glasgow  University. 

„  Proceedings  of  the  Philosophical  Society  of  Glasgow.  Vol.  XVII.    8"*  Glas- 

gow, 1886,  The  Society. 

Hamilton,  Canada. — ^Journal  and  Proceedings  of  the  Hamilton  Association.    Vol.  I, 

pt.  2.  8°  Hamilton,  Canada,  1885.    Hamilton  Association. 

Lausanne.— Bulletin  de  la  Soci6t6  Vaudoise  des  Sciences  Naturelles.   3'"*  s^rie.  Vol. 

XXII,  No.  94.    8"  Lausanne,  1886.  Vaudois  Society. 

Leide,—- Annales  de  V  fecole  Polytechnique  de  Delft.    1886,  Liv.  1-2.   4®  Leide,  1886. 

I.'  £coLE  Polytechnique. 

London. — A  subject    index  to  the  modern  works  added  to  the  library  of  the  British 

Museum  in  the  years  1880— 1885.    By  G.  K.  Fortescue.   4"  London, 
1886. 
Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland.    Vol. 

XVI,  No.  I.    8^  London,  1886. 
Journal  of  the  Iron  and  Steel  Institute.    No.  i,  1886.    8°  London,  1886. 

Iron  and  Steel  Institute. 

„  Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland.     New 

series.  Vol.  XVIII,  pt.  3.    8"  London,  1886.  The  Society. 

„         Journal  of  the  Society  of  Arts.    Vol.  XXXIV,  Nos.  1765-1777.    8'  London, 
1886.  The  Society. 

M  Journal  of  the  Society  of  Chemical  Industry.    March  29th.    8^  London,  1886. 

I,  Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society.  Vol.  VII' 

No.  32.    8°  London,  1886. 
„  Proceedings  of  the  Royal  Geographical  Society.    New  series.  Vol.  VIII, 

Nos.  9-10.    8"  London,  1886.  The  Society. 

M  Proceedings  of  the  Royal  Society  of  London.  Vol.  XL,  Nos.  244-245,  and 

XLI,  No.  246.    8*  London,  1886.  The  Society. 

M         Transactions  of  the  Royal  Society  of  London.    Vol.  176,  pts.  1-2.    With  list 
of  Fellows  for  1885.    4*  London,  1886.  The  Society. 

Proceedings  of  the  Zoological  Society  of  London.    Parts  II— III,  1886.  8* 
London,  1886.  The  Society. 

Transactions  of  the  Zoological  Society  of  London.    Vol.  XII,  pt.  3.    4° 
London,  1886.  The  Society. 

Quarterly  Journal  of  the  Geological  Society.  Vol.  XLI  I,  No.  167.  8*^  London, 
1886.  The  Society. 
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London.— Report  of  the  British  Association  for  the  Advancement  of  Science  held  at 

Aberdeen  in  September  1885.    8°  London,  1886. 
Madrid.— Boletin  de  la  Sociedad  Geografica  de  Madrid.    Tomo  XXI,  Nos.  1-2.    8** 

Madrid,  1886.  The  Society. 

„  Revista  de  los  progresos  de  las  ciencias  exactas,  fisicas  y  naturales.    Tomo 

XXI,  Nos.  7-9,  and  XXII,  No  i.    8**  Madrid,  1886. 

Royal  Academy  of  Sciences. 

Manchester.— Transactions  of  the  Manchester  Geological  Society.     Vol.  XIX,  pt.  i. 

8°  Manchester,  1886.  The  Society. 

Melbourne.— Reports  of  the  Mining  Registrars  for  the  quarter  ending  30th  June  1886. 

flsc.  Melbourne,  1886.  Mining  Deft.,  Vicxdria. 

„  Transactions  of  the  Geological  Society  of  Australasia.    Vol.  I,  pt.  i.    8° 

Melbourne,  1886.  The  Society. 

„  List  of  members  of  the  Geological  Society  of  Australasia,  also  a  catalogue 

of  works  in   the  library  of  the  Society,     By  Robert  T.   Litton.    8° 
Melbourne,  i886.  The  Society. 

MiLANO. — Reale  Istituto  Lombardodi  Scienze  e  Lettere.  Rendiconti.  Serie  II,  Vol.  XVII. 

8°  Milano,  1884.  The  Institute. 

Moscow.— Bulletin  de  la  Soci6t6  Imp6riale  des  Naturalistes.    Tome  LXII,  No.  i.    8** 

Moscou,  1886.  The  Society. 

Newcastle. — Transactions  of  the  North  of  England  Institute  of  Mining  and  Mechani- 
cal Engineers.     Vol.  XXXV,  pt.  4.    8**  Newcastle-on-Tyne,  1886. 

The  Institute. 

New  Zealand. — Manual  of  the  New  Zealand  Coleoptera.   By  Captain  Thomas  Broun* 

Parts  3-4.    8'  New  Zealand,  1886. 

Colonial  Museum  and  Gbol.  Survey  of  N.  Zealand. 

Paris. — Bulletin  de  la  Soci^td  Gdologjque  de  France.  3"*"  s6rie.  Tome  XIV,   Nos.  6-7, 

8"  Paris,  1886.  The  Society. 

„       Bulletin  de  la  Soci6t^  de  Geographic.    7°*'  s^rie.   Tome  VII,  No.  i.    8'  Paris, 
1886.  The  Society. 

„       Com pte  Rendu  des  Stances  de  la  Soci6t6  de  Gdographie.      Nos.   16-17,    8** 

Paris,  1886,  Geographical  Socjety  of  France. 

Philadelphia. — ^Journal  of  the  Franklin  Institute.    3rd  series.    Vol,  XCII,  Nos.  4-5. 

8**  Philadelphia,  1886.  The  Institute. 

„  Proceedings  of  the  Academy  of  Natural  Sciences.    Part  II,  1886.    8° 

Philadelphia,  1886.  The  Academy. 

Pisa. — Atti  della  Societa  Toscana  di  Scienze  Naturali.    Processi  Verbali.    Vol.  V,  pp. 

95-118.    8**  Pisa,  1886.  The  Society. 

Rome. — Atti  della  R.  Accademia  dei  Lincei.  Rendiconti.    4  serie.  Vol.    I,  fasc.  1-28; 

VoU  II,  semestre   I,  fasc.  1-14;  and  Vol.  II,  semestre  II,  fasc.  i-io. 
4"  Roma,  1884—1886.  The  Academy. 

Atti  dellA  R.  Accademia  dei  Lincei.  Transunti.  3  serie.  Vol.  IV,  fasc,  6;  VI,  14; 
VII,  i6j  VHI,   1-16.    4*  Roma,  1880— 1884.  The  Academy. 

Bollettino  del  R.  Comitato  Geologico  d'  Italia.     Vol.  XVI.    8"*  Roma,  1885. 

Geological  Commission,  Italy. 
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Salbm.— Bulletin  of  the  Essex   Institute.    Vol.  XVII,  Nos.   7-12,  and  XVIII,  Nos. 

1-6.    8"  Salem,  1886.  Thb  Institute. 

„        Proceedings  of  the  American  Association  for  the  Advancement  of  Science. 

Vol.  XXXIII.    8**  Salem,  1885.  The  Association. 

Shanghai. — Journal  of  the  China  Branch  of  the  Royal  Asiatic  Society.    New  series. 

Vol.  XIX,  pt.  2,  and  Vol.  XXI,  Nos.  1-2.    8°  Shanghai,  1886. 

The  SopiETY. 
SiNGAPORB.— Journal  of  the  Straits  Branch  of  the  Royal  Asiadc  Society.     No.  16,    8" 

Singapore,  1886.  The  Society. 

„  Straits  Branch  of  the  Royal  Asiatic  Society.  Notes  and  Queries.    No.  3. 

8**  Singapore,  1886.  The  Society. 

St.  Petersburg.— Bulletin  de  TAcad^mie  Imp6riale  des  Sciences  de  St.  P^tersbourg. 

Tome  XXX,  No.  3,  and  XXXI,  No.  x.    4*  St.  P6tersbourg,  1886. 

The  Acadbmy. 

M  M^moires  de  I'Acad^mie  Imp6riale  des  Sciences  de  St.  P^tersbourg. 

7"'  s^rie.  Tome  XXXIII,  Nos.  6-8,   and  XXXIV,   Nos.   1-3. 
4"  St.  Petersbourg,  1886.  The  Academy. 

„  Bulletins  du  Comit^  G^ologique.      Tome    V,   Nos.   7-8.     8"  St. 

Pdtersbourg,  1886.  Geological  Commission,  Russia. 

„  M^moires  du  Comitd  G^ologique.    Vol.  Ill,  No.  2.    4**  St.  Pdters- 

bourg,  i886.  Geological  Commission,  Russia. 

Strassburg. — Abhandlungen  zur  Geologischen  Spezialkarte  von  Elsass-Lothringen. 

Band  II,  heft  2.    With  Atlas.    8®  and  4**  Strassburg,  1882. 

Strassburg  University. 

Sydney.— Annual  report  of  the  Department  of  Mines,  New  South  Wales,  for  1885. 

flsc.     Sydney,  1886. 

Department  of  Mines,  New  South  Wales. 

w  Catalogue  of  the  library  of  the  Linnean  Society  of  New  South  Wales.     8" 

Sydney,  1886.  The  Society. 

„  Proceedings  of  the  Linnean  Society  of  New  South  Wales.  2nd  series.    Vol.  I, 

pts.  2-3.    8*  Sydney,  1886.  The  Society. 

9,  Report  of  the  Trustees  of  the  Australian  Museum  for  1885.    flsc.  Sydney, 

1886.  The  Museum. 

Turin. — Atti  della  R.  Accademia  delle  Scienze  di  Torino.     Vol.  XX,  disp.  7-8,   Vol. 

XXI,  disp.  3,  4,  and  7.    8**  Torino  1885 — 1886.  The  Academy. 

„         Bollettino  delP  Osservatorio  della  Regia  Universita  di  Torino.  Anno  XIX— 

XX.   Oblong  4**  Torino,  1886.  The  Academy^ 

„       Memorie  della  Reale  Accademia  delle  Scienze.    Serie  2,  Tomo  XXXVII.    4° 

Torino,  1886.  The  Academy. 

Venice.— Atti  del  Reale  Istituto  Veneto  di  Scienze,  Lettere  ed  Arti.    Serie  VI,  Tonr.o 

II,  disp.  3-10;  Serie  VI,  Tomo  III,  disp.  1-9.    8'  Venezia,  1883— 1885. 

The  Institute. 

„         Memorie  del  Reale  Istituto  Veneto  di  Scienze,  Lettere  ed  Arti,    Vol.  XXI, 

pts.  1-2.    4**  Venezia,  1882,  The  Institute. 

Vienna.— Verhandlungen    der  K.  K.  Geologischen   Reichsanstalt.    Nos.    10-13.     8° 

Wien,  1886.  The  Institute. 
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Washington. — Bulletin  of  the  Philosophical  Society  of  Washington.    Vol.  VII.    8° 

Washington,  1885.  Smithsonian  Institute. 

„  Bulletin  of  the  United  States  Geological  Survey.     Nos.  24-26.    %"" 

Washington,  1885.  United  States  Geological  Survey. 

„  Monographs  of  the  United  States  Geological  Survey.    Vol.  IX.    4® 

Washington,  1885.  United  States  Geological  Survey, 

„  Contributions  to  North  American  Ethnology.  Vol.  V.   4**  Washington, 

1882.  Revenue  and  Agricultural  Department. 

„  Descriptive  catalogue  of  the  Government   Publications  of  the  United 

States.    September  5th,  1774  to  March  4th,  1881.    By  Ben.  Perley 
Poore.    4®  Washington,  1885. 

Revenue  and  Agricultural  Department. 

Yokohama. — Mittheilungen  der  Deutschen  Gesellschaft  fur    Natur-und  Volkerkunde 

Ostasiens.    Band  IV,  heft  35.    4®  Yokohama,  1886. 
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ADDENDUM  ET  ERRATUM. 

Page  66.— The  eocene  chelonian  Hemichglyg  is  entirely  devoid  of  epidermal  plates,  and  may  be 
referred  to  the  same  family  (Carettochelydida)  as  the  existing  CareiiocMys  of  New 
Guinea.    The  larger  cheloniao  from  the  same  deposits  belongs  to  the  South 
American  genus  PodocnenUs, 
«    yu^Csratodut  has  been  found  in  a  fossil  state  from  the  permian  to  the  cretaceous. 


R.  L, 


GUCtOry    pOmOIl    Ul    mC    UH^IUAI    pa^i,    Xli     nuiv.i1    tll\«    iia.AAX\^a   vri.    M«\#   WAAAN^A      ••  w.«k<i««,^    ««• 

this  field  of  enquiry  are  recorded,  as  there  is  no  essential  alteration  to  be  made 
regarding  them.  Some  introductory  observations  on  the  general  relations  of  the 
Indian  fossil  vertebrates  have  likewise  been  omitted,  as  well  as  all  the  references : 
the  nomenclature  employed  has  been  amended  in  many  instances. 

The  plan  of  the  original  paper  has  been  in  the  main  adhered  to;  but  the  order 
in  which  the  classes  of  the  Vertebrata  are  taken  has  been  reversed,  and  their  history 
is  traced  from  the  newest  to  the  oldest  horizons,  instead  of  from  the  oldest  to  the 
present  time.  At  the  end  a  systematic  synopsis  of  all  the  known  forms  is  given^ 
arranged  according  to  their  geological  distribution.  The  great  majority  of  the 
species  will  be  found  described  or  noticed  either  in  the  '  Palaeontologia  Indica,'  or 
in  the  writer's  *  Catalogue  of  the  Fossil  Mammalia  in  the  British  Museum.'  Synonyms 
have  been  in  most  cases  omitted. 

It  is  hoped  that  this  brief  summary  will  enable  the  reader  to  grasp  the  chief 
features  of  the  past  vetebrate  life  of  India  without  the  trouble  of  wading  through 
the  somewhat  bulky  literature  in  which  its  history  is  more  fully  recorded. 
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1882.  Revenue  and  Agricultural  Department. 

Descriptive  catalogue  of  the  Government  Publications  of  the  United 
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The  Fossil  Vertebrata  ^  India,  by  R,  Lydekker,  B.A.,  F.G.S.,  &c. 

Introductory. 

In  the  *  Journal  of  the  Asiatic  Society  of  Bengal '  for  the  year  1880  there  appeared 
a  paper  by  the  writer  under  the  title  of  a  'Sketch  of  the  History  of  the  Fossil 
Vertebrata  of  India/  in  which  every  species  of  fossil  vertebrate  then  recorded  from 
India  was  mentioned ;  while  there  was  also  given  a  short  summary  of  the  labours 
of  those  pala»)ntolpgists  who  had  written  on  the  same  subject.  The  same  paper  was 
republished  in  a  more  expanded  form  in  the  'Records'  for  1883,  bringing  up  the 
information  to  that  date.  Since  the  publication  of  the  latter  paper  owing  to  the 
completion  of  the  description  of  the  Siwalik  and  Gondwana  vertebrates  a  great 
increase  in  our  knowledge  of  the  subject  has  been  obtained,  and  it  has  accordingly 
been  thought  advisable  to  republish  its  substance,  with  such  additions  and  alterations 
as  are  necessary  to  bring  it  up  to  the  present  time.  In  many  instances  these  altera- 
tions have  been  so  extensive  as  to  have  made  it  necessary  to  rewrite  a  great  portion 
of  the  paper.  As  in  the  previous  issue,  it  has  been  thought  better  to  omit  the  intro- 
ductory portion  of  the  original  paper,  in  which  the  names  of  the  chief  workers  in 
this  field  of  enquiry  are  recorded,  as  there  is  no  essential  alteration  to  be  made 
regarding  them.  Some  introductory  observations  on  the  general  relations  of  the 
Indian  fossil  vertebrates  have  likewise  been  omitted,  as  well  as  all  the  references : 
the  nomenclature  employed  has  been  amended  in  many  instances. 

The  plan  of  the  original  paper  has  been  in  the  main  adhered  to;  but  the  order 
in  which  the  classes  of  the  Vertebrata  are  taken  has  been  reversed,  and  their  history 
is  traced  from  the  newest  to  the  oldest  horizons,  instead  of  from  the  oldest  to  the 
present  time.  At  the  end  a  systematic  synopsis  of  all  the  known  forms  is  given^ 
arranged  according  to  their  geological  distribution.  The  great  majority  of  the 
species  will  be  found  described  or  noticed  either  in  the  '  Palaeontologia  Indica,'  or 
in  the  writer's  '  Catalogue  of  the  Fossil  Mammalia  in  the  British  Museum.'  Synonyms 
have  been  in  most  cases  omitted. 

It  is  hoped  that  this  brief  summary  will  enable  the  reader  to  grasp  the  chief 
features  of  the  past  vetebrate  life  of  India  without  the  trouble  of  wading  through 
the  somewhat  bulky  literature  in  which  its  history  is  more  fully  recorded. 
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Class  L— MAMMALIA. 

Pleistocene  and  later  deposits, — The  mammals  of  the  pleistocene  and  later 
deposits  are  generally  but  imperfectly  known,  although  the  Kamul  caves  have 
yielded  very  important  information  in  regard  to  those  of  Southern  India.  As  the 
pleistocene  ossiferous  strata  are  distributed  in  patches,  very  frequently  in  the  valleys 
of  the  great  rivers,  the  remains  from  the  more  important  of  these  areas  must  be 
treated  of  separately.  The  most  important  localities  are  the  caves  of  Karnul ;  other 
parts  of  Madras  and  the  Deccau ;  and  the  valleys  ef  the  Jamna,  Narbada,  Pemganga, 
Elistna,  and  Godavari,  with  their  numerous  tributaries.  It  is  moreover  not  improbable 
that  the  topmost  strata  of  the  Sub-Himalayan  Siwaliks  should  also  be  referred  to  the 
pleistocene.  In  many  instances,  as  in  the  delta  of  the  Ganges,  it  is  difBlcult,  if  not 
impossible,  to  draw  any  satisfactory  line  of  distinction  between  the  pleistocene  and 
the  prehistoric  deposits,  and  the  two  are  accordingly  considered  together.  The 
presence  in  any  stratum  of  the  remains  of  Hippopotamus ,  or  other  genus  not  now 
found  living  in  India,  is  considered  as  fair  evidence  for  assigning  such  deposit  to 
the  pleistocene. 

Human  remains  and  neolithic  implements  have  been  obtained  in  the  alluvium 
of  the  plains  in  many  localities,  and  frequently  at  considerable  distances  below  the 
surface ;  the  former  are  generally  very  imperfectly  preserved  and  have  never  been 
carefully  examined.  Polished  celts  are  abundant  in  many  places,  particularly  in 
Burma  and  the  Banda  district  of  the  North-West  Provinces.  The  prevailing 
types  are  elongated  forms  with  oval  section,  wedges,  and  the  *  shouldered '  form. 
Among  the  mammals^  specimens  of  the  teeth  and  jaws  of  a  Macacus  from  the 
alluvium  of  Goalpara,  in  Assam,  may  belong  to  M,  sinicus,  while  others  from 
Madras  have  been  provisionally  referred  to  M,  rhesus.  Molars  of  the  Indian 
elephant  occur  in  the  alluvium  of  the  plains.  A  last  upper  molar  of  Rhinoceros 
unicornis^  in  the  Indian  Museum,  was  obtained  from  a  turbary  in  Madras,  and  indi- 
cates the  former  extensive  range  of  this  species ;  and  it  may  be  observed  in  passing 
that  the  range  of  other  species  of  the  genus  was  probably  more  extensive  than  at 
present,  even  in  the  historic  period,  since  it  has  been  inferred  that  the  species  hunted 
by  Akbar  on  the  banks  of  the  Indus  was  R,  sondaicus  ;  this  inference  being  founded 
on  the  improbability  of  its  being  possible  to  kill  R.  unicornis  by  means  of  arrows, 
with  which  Akbar's  animals  were  destroyed.  Sus  cristatus  has  also  been  obtained 
from  the  turbaries  of  Madras  and  Calcutta.  Antlers,  horn-cores,  and  teeth  of  un- 
determined species  olBos  oxBubalus  and  Cervus  have  been  obtained  from  the  alluvium 
of  various  districts  in  the  pi?  ins,  and  from  raised  beaches  in  Kattiawar.  The  mamma- 
lian fauna  of  the  caves  in  the  Karnul  district  of  Madras  besides  including  a  large 
number  of  species  still  found  living  in  India,  which  are  mentioned  in  the  list  given 
in  the  sequel^  also  comprises  a  species  of  Cynocephalus ;  Hycena  crocuta  of  South 
Africa ;  a  small  Viverra  termed  F.  karnuliensis,  which  presents  characters  connecting 
it  with  the  Siwalik  V,  bakeri ;  the  African  Equus  asinus ;  a  larger  undeterniined 
species  of  the  same  genus  ;  an  atelodine  rhinoceros  named  R.  karnuliensis,  apparently 
allied  both  to  R.  etruscus  and  R,  bicornis ;  a  large  undetermined  antelope;  a 
peculiar  species  of  large  Sus  named  S.  karnuliensis,  which  is  apparently  intermedi- 
ate between  5.  cristatus  and  the  Siwalik  S,falconeri;  a  Hystrix  named  H.  crassidens; 
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aspedes  of  Athtrura  i^A,  karnuh'ensts);  and  the  large  Jkf ants  gigan/ea,  V9hich  is  now 
confined  to  Western  Africa.  The  peculiar  Indian  genera  Boselaphus  and  Teiraceros 
are  represented  by  the  existing  species ;  and  the  fauna  as  a  whole  is  remarkable  for 
the  mingling  of  African  and  modern  Indian  forms,  and  also  for  its  connecting  the 
existing  fauna  of  the  country  with  that  of  the  Siwaliks,  which  likewise  presents  a 
remarkably  Ethiopian  fades,  as  is  exemplified  by  the  presence  of  Troglodytes, 
Cynocephalus,  Hippoiragus,  Cobus,  Alcelaphus,  Giraffa,  Hippopotamus ,  Struihio^ 
&c.    Human  remains  occur  in  the  caves  among  those  of  the  extinct  mammals. 

From  the  laterite  of  Madras  palaeolithic  implements  and  a  human  platycnemic 
tibia  have  been  obtained. 

From  the  alluvium  of  the  Kistna  valley,  in  the  Deccan,  a  part  of  the  skull 
and  mandible  of  a  rhinoceros  has  been  described  under  the  name  of  Rhinoceros 
decccmmsis.  This  species  belongs  to  that  section  of  the  atelodine  group  having 
molars  of  the  Sumatran  type,  and  is  characterised  by  the  strong  cingulum  on  the 
upper  premolars.  Remains  of  a  bovine,  which  is  not  improbably  Bos  namadicusy 
have  also  been  obtained  from  the  same  deposits,  and,  with  the  last-mentioned  speci- 
mens, are  in  the  Indian  Museum. 

From  the  ossiferous  gravels  of  the  Narbada  palaeolithic  implements  of  a  rude  furm 
have  been  found  associated  with  bones  of  extinct  Mammalia.  The  Camivora  are 
represented  by  a  small  species  of  bear  {Ursus  namadicus),  of  which  there  are  a  maxilla 
and  a  tibia  in  the  British,  and  a  canine  in  the  Indian  Museum ;  while  a  large  species 
of  Felts  is  indicated  by  the  distal  extremity  of  a  femur  in  the  former  collection. 
Of  the  Proboscidea,  there  is  Elephas  natnadicns,  characterised  by  its  prominent  frontal 
ridge,  whose  molars  very  closely  resemble  those  of  the  European  E.  antiquus.  There 
is  one  fine  cranium  in  the  British  Museum,  and  there  are  three  other  crania  in  the 
Indian  Museum.  The  stegodont  group  of  the  genus  is  represented  by  E.  gatusa, 
of  which  there  is  a  fine  tusk  in  the  Indian  Museum ;  and  very  probably  by  E, 
insignis.  The  Perissodactyla  are  represented  by  Rhinoceros  unicornis  of  which  the 
Indian  Museum  has  two  molars ;  and  by  a  little-known  and  apparently  extinct  form  to 
which  the  name  R.  namadicus  has  been  applied ;  there  is  a  scapula  of  this  species 
in  the  last-named  collection.  There  is  also  a  species  of  horse  {Equus  namadicus) 
which  seems  to  be  a  survivor  from  the  Siwaliks,  and  is  allied  to  the  existing  species 
of  the  genus.  Among  the  Artiodactyla  three  species  of  bovine  animals  have  been 
described,  m„  Bos  namadicus,  a  species  showing  some  afiinity  to  the  Asiatic  group 
Bibos^  of  which  there  is  a  magnificent  skull  in  the  Indian  Museum ;  a  Buhalus 
now  identified  with  the  existing  B.  buffelus,  but  formerly  regarded  as  distinct  and 
named  B,  palceindicus ;  and  Leptobos  fraseri,  which  is  sometimes  hornless,  and  is 
represented  by  some  fine  skulls  in  the  British  Museum.  A  species  of  nilghai,  of 
which  there  are  two  broken  crania  in  the  same  collection,  has  been  named  Bosela-- 
pkus  namadicus  f  it  is  distinguished  from  the  living  species,  among  other  characters, 
by  the  horns  being  placed  nearer  to  the  orbits.  The  deer  are  represented  by  Cervus 
arisMelis,  C,  porcinus,  and  perhaps  C,  duvaucelli.  The  existing  Sus  cris/a/us 
makes  its  first  appearance  in  these  beds,  which  also  contain  two  species  of  Hippo- 
po/amus,  in  one  of  which  (ff.  namadicus)  there  are  three  pairs  of  small  incisors, 
while  in  the  other  (ZT.  palceindicus)  there  are  two  pairs  of  large  incisors,  but  the 
second  pair  are  reduced  to  very  small  dimensions,  and  may  have  been  absent  in  the 
B  2 


54  Records  of  the  Geological  Survey  of  India.  [VOL.  XX. 

adult.  Some  incisors  in  the  Indian  Museum  indicate  the  presence  of  an  undetermined 
genus  of  murine  rodent. 

From  the  pleistocene  of  the  Jamna  valley  only  four  mammals  have  been  speci- 
fically determined  with  any. certainty,  p/s.,  Elephas  namadicuSy  Bubalus  buffelus,  Hip^ 
popoiamtii  palceindicuSy  and  the  living  Aniilope  cervic^pra  ;  the  latter  being  known 
by  a  horn-core  in  the  Indian  Museum.  In  addition  to  these,  remains  of  a  species 
of  Semnopithecus,  Sus,  Boselaphus,  Eguus,  Mus  (/*),  and  of  a  Rhinoceros  furnished 
with  lower  canines,  have  also  been  obtained.  A  Felis  as  large  as  the  existing  tiger  is 
indicated  by  a  scapholunar  bone  in  the  Indian  Museum :  this  species  was  very  prob- 
ably the  same  as  the  Narbada  form,  and  may  have  been  either  Felis  iigris  or  F,  leo. 

The  pleistocene  of  the  Pemganga  valley  has  yielded  remains  of  Bos  namadicus, 
a  Boselaphus,  and  Hippopotamus  palceindicus. 

The  remains  from  the  Godavari  deposits  have  not  yet  been  satisfactorily  deter- 
mined. 

Pliocene — ^The  horizontal  lacustrine  strata  of  Hundes  in  Tibet,  which  are  provi- 
sionally regarded  as  of  pliocene  age,^  have  yielded  a  small  number  of  mammalian  re- 
mains, among  which  is  a  tooth  referred  to  a  species  of  Hycena,  Bones  belonging  to 
some  form  of  horse  have  also  been  obtained,  among  which  a  cannon-bone  in  the 
collection  of  the  Geological  Society  indicates  a  species  of  Hipparion,  Several  limb- 
bones  and  a  fragment  of  an  upper  molar  of  a  rhinoceros  are  also  known,  but  they 
are  too  imperfect  for  specific  determination.  The  other  known  fossils  belong  to 
ruminants ;  the  best  preserved  specimen  being  the  greater  portion  of  the  cranium  of 
an  antelope,  provisionally  referred  to  the  living  Tibetan  genus  Panthohpsy  under  the 
name  of  P,  hundesiensis ;  this  specimen  cannot  now  be  found,  but  is  figured  in 
Royle's  "  Illustrations  of  the  Botany  of  the  Himalaya  Mountains."  There  is  also  a 
cranium  said  to  belong  to  some  genus  of  bovine  animal ;  another  belonging  to  a  goat 
resembling  the  markhoor  {Capra  falconeri)\  and  a  palate,  in  the  collection  of  the 
Geological  Society,  doubtfully  referred  to  a  sheep  (fivii). 

Coming  to  the  Siwaliks  it  will  be  convenient  to  chronicle  the  fauna  of  both  the 
upper  and  lower  divisions  in  the  same  paragraphs,  as  a  considerable  number  of  forms 
are  common  to  the  two ;  the  upper  division  is  certainly  pliocene,  but  it  is  not  improb- 
able that  the  lower  division,  as  exemplified  in  Sind,  Kach,  and  the  regions  to  the 
north  and  west,  may  be  of  upper  miocene  age.*  Some  fossils  from  certain  parts 
of  the  Sub-Himalayan  region  may  however  have  been  obtained  from  the  lower  division ; 
while  some  of  the  mammals  from  Perim  Island  have  an  old  facies  {Dinotherium  and 
Eyotherium),  although  others  (the  ruminants)  are  of  a  later  type. 

Remains  of  Primates  are  of  extremely  rare  occurrence,  and  all  the  known  species 
are  founded  upon  very  small  and  imperfect  fragments  of  the  skull  or  upon  indivi- 
dual teeth.  In  the  Simiidce,  the  type  genus  Simla  is  represented  by  an  imperfect 
upper  canine  apparently  belonging  to  a  species  closely  allied  to  the  existing  orang 
of  Borneo ;  while  a  broken  palate  indicates  a  species  of  chimpanzee  {Troglodytes  siva- 

'  In  the  previous  edition  of  this  memoir  these  strata  were  referred  to  the  pleistocene,  but  the 
author  is  now  inclined  to  revert  to  the  older  view  of  regarding  them  as  high  up  in  the  pliocene. 

'  Prof.  Duncan  (Quart.  Journ.  Geol.  Soc.  Vol.  XXXVII.  p.  207)  includes  both  divisions  in 
the  pliocene,  but  Dr.  Blanford  in  his  latest  work  on  Sind  (Mem.  Geol.  Surv.  Ind.  Vol.  XX.  p.  3) 
refers  the  lower  division  to  the  upper  miocene. 
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Unsts^)  distinguished  from  the  existing  African  T.  niger  by  the  narrower  last  premolar. 
In  the  family  Cercoptihecidce,  Semnopithecus  is  represented  by  S,  palmndicus  which  is 
equal  in  size  to  the  existing  Indian  8,  entelluSy  but  has  a  less  deep  mandibular  ramus; 
MacacuSy  by  the  small  M,  sivalensis  ;  and  CynocephaluSy  now  characteristic  of  Africa, 
by  two  species,  one  of  which  (C.  sub himalay anus)  agrees  in  dimensions  with  C 
anuhis,  while  the  other  {C/alconeri)  is  considerably  smaller.  The  genus  Cynoceph- 
alus  presisted  in  Southern  India  to  the  pleistocene. 

In  the  Camivora  the  family  FelidcB  comprises  two  species  of  MachceroduSy—ono, 
(JIf.  palaindicus)  being  as  large  as  the  tiger,  and  the  other  {M,  sivaUnsts)  about 
equal  in  size  to  the  jaguar.  In  the  structure  of  the  skull  both  species  present 
characters  connecting  them  with  the  American  forms,  but  two  lower  premolars  were 
developed  as  in  M,  aphamsius  of  Pikermi.  Felis  is  represented  by  the  large  F. 
cristaiay  which  is  about  equal  in  size  to  the  tiger,  but  has  cranial  characters  allying 
it  more  closely  with  the  lion  and  the  jaguar ;  and  also  by  F,  Irachygnathay  which 
may  be  generically  identical  with  Cyncelurus ;  as  well  as  by  two  other  unnamed 
forms,  of  which  ona  is  allied  to  F,  pardus,  and  the  other  to  F,  lynx  /  and  also  by 
the  small  F,  subhmalayana  of  dimensions  nearly  the  same  as  those  of  the  living  F, 
hengalensis,  ^lurogale  stvalensjs  is  named  on  the  evidence  of  a  mandibular  ramus 
from  the  Punjab  which  appears  generically  identical  with  this  genus  of  primitive 
cats  originally  described  from  the  Quercy  phosphorites,  and  shows  the  presence  of 
three  lower  premolars,  ^luropsis  is  a  genus  peculiar  to  the  Siwaliks,  founded 
upon  a  mandible  from  the  Punjab,  apparently  connecting  Macharodus  with  the 
HycenidcB,  and  accordingly  named  jE.  annectans.  In  the  Hycenidce  a  peculiar 
mandible  from  the  Punjab  has  received  the  name  of  Lepthyana  stvalenstSy  and 
apparently  indicates  an  animal  connected  both  with  Ictiiheriumy  Hvana,  and  the 
primitive  cats.  Hycena  itself  is  represented  by  four  named  species,  and  an  unnamed 
form  which  may  be  specifically  distinct.  Two  of  these  species — H.  colvtni  and 
H.  felina — are  closely  allied  to  the  South  African  H,  crocuta  (which  it  will  be 
remembered  occurs  in  the  pleistocene  of  Madras) ;  and  it  is  probable  that  the  first 
of  the  two  Siwalik  species  is  the  ancestor  of  the  latter.  H,  sivalensis  is  a  primitive 
form  allied  to  the  Indian  H,  striata  (of  which  it  may  be  the  ancestor),  but  dis- 
tinguished by  the  presence  of  a  second  lower  true  molar;  it  is  closely  allied  to  H, 
grcBca  of  Pikermi  (which  has  been  generically  separated  as  Hycenictis)  but  has  one 
lower  premolar  less.  The  most  remarkable  of  the  Siwalik  hyaenas  is,  however,  H. 
macrostoma,  which  in  its  elongated  premolars  connects  the  more  typical  species  with 
the  Vtverrt'dce  and  canoids,  and  is  closely  allied  to  the  Pikermi  H,  chcerettSy  which  has 
been  generically  separated  by  some  under  the  name  of  Lycycena,  In  the  ViverridcB 
two  species  of  Siwalik  Viverra  are  known,  of  which  V,  hakeri  is  of  the  size  of  V. 
uhethay  while  V,  durandi  is  larger  than  any  existing  species ;  both  forms  present  cer- 
tain characters  connecting  them  with  Ictitherium  /  and  it  is  not  improbable  that  V. 
lakeri  may  have  been  the  ancestor  of  V,  karnuliensis  of  the  Madras  pleistocene, 
from  which  form  the  living  Indian  species  may  in  its  turn  have  descended.  In  the 
Ursida  (which  are  taken  to  include  both  the  bears  and  the  dogs)  the  dogs  are  repre- 
sented by  Cams  cautleyi  and  C.  curvipalatus  ;  the  former  being  closely  allied  to  the 
wolf;  while  the  latter  shows  indications  of  afiinity  with  the  African  Olocyon.    The 

^  Originally  described  under  the  name  of  Palaopiihecus, 
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genas  Atnphicyon,  distinguished  from  Canit  by  the  presence  of  an  additional  upper 
true  molar,  is  represented  by  A*  palceindicusy   which  is  allied  to  A,  intermedius 
of  the  middle  miocene  of  Styria.    The  bears  are  represented  by  the  genera  Ursm 
and  Hycenarciot :  of  the  former  there  is  a  skull,    without  teeth,  from  the  Sab- 
Himalaya  which  has  received  the  name  of  U,  iheobaldi  and  appears  to  have  been 
the  ancestor  of  the  living  Indian  U,  labiatuSy  whose  remains,  as  we  have  seen,  occur 
in  the  pleistocene  of  the  Karnul  caves.    Of  HycBnarctos  three  species  have  been 
named ;  H.  srvalensis  has  the  upper  molars  with  quadrangular  crowns,  and  is  known 
by  a  nne  cranium,  the  half  of  a  mandible,  and  some  limb-bones,  in  the   British 
Museum ;  ZT.  punjabiensis  is  an  allied  form  from  the  Punjab  distinguished  by  the 
smaller  size  of  the  anterior  lobe  of  the  upper  camassial  tooth  ;  while  H.  palce- 
indicus^  known  by  a  maxilla  and  mandible  in  the  Indian  Museum,  is  characterised  by 
the  triangular  form  of  the  crowns  of  the  upper  molars,  which  approach  those   of 
the  European  miocene  genus  Dinocyon^  and  not  improbably  by  the  absence 
of  the  third  lower  true  molar.   In  the  MusielidcB  the  type  genus  JMusiela  is  known  by 
a  small  fragment  of  a  mandible  indicating  a  species  of  the  size  of  M,  flavigula.  Two 
species  of  Mdlivora^  or  ratel,  have  been  described,  of  which  the  first  {M,  punjahU 
eusis)  is  closely  allied  to  the  existing  Indian  M.  indica  and  the  African  M,  capentit, 
while  the  second  (M-  sivaleasis)  is  distinguished  by  the  different  proportions  of  the 
premolars.    Mellivorodon  palceindtcus  is  an  allied  form  described  upon  the  evidence 
of  a  mandibular  ramus  from  the  Punjab.    Of  the  otters  the  small  Lutra  palceindica 
has  been  named  from  the  evidence  of  a  skull  and  lower  jaw  in  the  British  Museum, 
apparently  allied  to  Z.  vulgaris;  a  second  species  is  indicated  by  a  lower  jaw  from 
the  Punjab,  in  the  Indian  Museum,  which  has  been  named  Z.  bathygnatha,  and  indi- 
catea  an  animal  allied  to  the  African  Z.  lalandi ;  while  a  very  large  form  of  otter 
named  bv  Falconer  Enhydriodon  sivalemis  has  been  included  by  the  present  writer 
in  the  type  genus  Lutra,  with  which  it  is  connected  by  the  large  Z.  campani^  of  the 
middle  miocene  of  Italy,  which  is  evidently  allied  to  the  living  Indian  Z.  leptonyx. 
The  last  member  of  the  Siwalik  Camivora  belongs  to  the  suborder  Primigenia 
(Creodonta  of  Cope)  and  has  been  referred  to  the  genus  HycBuodon,  with  the  specific 
name  of  H.  indicus;  this  genus  is  indeed  confined  in  Europe  to  the  older  tertiaries 
but  it  appears  that  the  South  American  upper  tertiary  form  to  which  Bravard  applied 
the  name  Eutemnodus  is  really  identical. 

Turning  to  the  Ungulata  we  find  the  Proboscidean  suborder  very  abundantly 
represented,  species  of  all  the  known  groups  being  present.  The  most  specialized 
group  is  represented  bv  Elephas  hysudricus,  of  which  the  molars  are  of  less  complex 
structure  than  those  of  E,  indicus,  E.  planifrom  is  remarkable  lot  being  one  of 
the  two  species  of  true  elephant  in  which  premolars  are  known  to  have  been  deve- 
loped. The  stegodont  group,  peculiar  to  South-Eastem  Asia,  is  represented  by  four 
species ;  of  these  the  molars  of  E.  gamsa  and  E,  insignis  appear  to  be  indistin- 
guishable from  one  another ;  the  skull  of  the  former,  however,  of  which  there  is  a 
magnificent  specimen  in  the  British  Museum,  is  distinguished  by  its  enormous 
tusks,  and  that  of  the  latter,  of  which  there  are  numerous  specimens]  by  the  pecu- 

'  This  species  was  referred  to  Enhydriodon  by  Dr.  Forsyth- Major,  a  reference  which  had 
escaped  the  writer's  notice  when  describing  the  Siwalik  form  in  the  Palaeontologia  Indica. 
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liarly  depressed  form  of  the  fronto-parietal  region.    Molars  of  E.  imignis  have  been 
obtained  from  strata  of  probably  pliocene  age  in  Japan,  and  not  improbably  also 
from  Java;  as  well  as  from  caves  in  China.^    The  molars  of  the  third  species, 
E.  bombi/rons^  are  less  complex  than  those  of  the  preceding ;  and  its  skull  has  very 
prominent  frontals.    Of  the  fourth  species,  E.  clifti,  the  skull  is  unknown,  but  the 
molars  are  still  simpler,  the  intermediate  ones  frequently  bearing  only  six  ridges 
each ;  remains  of  this  species  have  also  been  obtained  from  Burma,  Japan,  and 
China,  a  tooth  from  the  latter  country  having  been  named  Stegodon  sinensis  ;  pre- 
molars were  developed  in  a  specimen  referred  to  this  specie.^-    Eight  species  of  masto- 
dons are  known,  five  belonging  to  the  tetra-,  and  three  to  the  trilophodont  division  of 
the  genus*    Of  the  former.  Mastodon  latidens  approaches  nearest  to  the  stegodont 
group  of  ElephaSf  and  since  its  molars  have  open  valleys,  and  the  intermediate  ones 
occasionally  carry  five  ridges,  it  affords  such  a  complete  transition  between  E.  cli/ii 
and  the  other  mastodons,  as  to  show  that  the  generic  division  between  the  elephants 
and  mastodons  is  merely  nominal.     The  skull  of  M.  latidens  is  unknown  ;  and  its 
remains  have  been  obtained  from  the  Irawadi  valley,  the  Sub-Himalaya,  Sind,  Perim 
Island,  and  Borneo.     Closely  allied  to  this  species  is  one  from  Perim  Island  to  which 
the  name  M.  cautleyi  has  been  provisionally  applied,  a  form  connecting  M,  latidens 
with  the  European  M,  longirostris,    M.  punjabiensis  is  a  species  less  closely  allied, 
and  presenting  some  approximation  in  dental  characters  to  M,  perimensis  of  Perim 
Island,  in  which  the  columns  of  the  molars  have  a  tendency  to  an  alternate  arrange* 
menty  and  a  considerable  quantity  of  cement  is  present  in  their  valleys.    The  fifth 
tetzalophodont  species,  M,  sivaUnsis,  has  the  molars  with  a  distinctly  alternate 
arrangement  of  the  ridges,  and  occasionally  presents  a  tendency  to  a  pentalophodont 
formula ;  there  is  a  fine  skull  in  the  British  Museum,  and  its  remains  have  been 
obtained  only  from  the  Sub-Himalaya.    The  skulls  of  the  two  peculiar  trilophodont 
species  are  unknown,  and  all  their  remains  are  from  the  Punjab,  Sind,  and  Perim 
Island.    In  the  first,  M,  /alconeri,  the  valleys  of  the  molars  are  open,  and  the 
symphysis  of  the  lower  jaw  is  short,  and  sometimes  provided  with  small  cylindrical 
tusks;  but  in  the  second,  M.  pandionis?  the  valleys  are  obstructed  by  outlying 
columns,  and  the  symphysis  of  the  lower  jaw  is  produced  into  a  long  trough-like 
process^  which  may  or  may  not  be  furnished  with  large,  compressed  tusks.    The 
third  qpecies,  of  which  the  remains  have  been  found  only  in  the  regions  across  the 
north-west  frontier,  is  a  variety  of  Mastodon  angustidens  of  the  middle  miocene  of 
Europe.    Two  species  of  Dinotherium  are  known,  of  which  D,  indicum,^  rivals  in 
size  the  European  D.  giganteum ;  there  are  several  specimens  of  the  teeth  and  jaws 
in  the  Indian  Museum,  and  also  in  the  collection  of  the  Bombay  Branch  of  the 
Royal  Asiatic  Society ;  the  British  Museum  possesses  also  the  cast  of  a  cervical 
vertebra,  part  of  the  mandible,  and  some  molars  ;  remains  of  this  species  have  been 
obtained  from  the  Sub-Himalaya,  Punjab,   Perim   Island,  Kach,  and  Sind.    The 
second  species,  /?.  sindiense,  is  only  known  by  two  specimens  of  a  part  of  the  man- 

'  Described  under  the  name  of  Stegodon  orientalis, 

*  The  type  specimens  of  this  species  were  said  to  have  been  obtained  from  the  Deccan,  but 
appear  really  to  have  come  from  Sind. 

•  The  form  known  as  Z).  pentapotamia  is  now  provisionally  regarded  as  merely  a  small 
variety. 
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dible,  one  from  Sind  and  the  other  (lacking  the  crowns  of  the  molars)  from  the 
Punjab ;  both  specimens  are  in  the  Indian  Museum.  The  mandible  in  this  species 
is  subcylindrical  in  cross-section,  and  thereby  approaches  that  of  the  mastodons. 

In  the  Perissodactylate  suborder  the  symphysis  of  a  mandible  from  Burma  has 
been  referred  to  Tapirus,  but  the  determination  must  be  considered  imcertain.    The 
horses  are  represented  by  the  genera  Equus  and  Htpparion  ;  of  the  former  there 
are  two  species,  viz,,  £.  sivalensis,  apparently  closely  allied  in  dental  characters  to 
the  pliocene  European  E.  sUnonis,  but  with  a  cranium  resembling  that  of  E,  hemi- 
onus;  and  E,  namadicus,  in  which  the  cranium  and  molars  resemble   those   of 
E.  caballus,    E.  namadicus  apparently  occurs  only  in  the  topmost  Siwaliks.     Of 
Hipparion  there  are  apparently  at  least  three  species  ;  viz.,  H,  aniilopinum  agreeing 
in  size  with  H,  gracile,  but  with  only  one  functional  digit  to  each  foot ;  a  second 
form,  to  which  the  name  H,  punjabiense  has  been  provisionally  assigned,  of  nearly 
the  same  dimensions,  but  apparently  having  three  complete  digits ;  and  a  larger 
species  with  the  same  number  of  digits  known  as  H.  iheobaldi.    A  fragment  of  an 
upper  jaw  from  Perim  Island  could  not  be  satisfactorily  identified  with  either  of 
these  three  forms,  and  if  distinct  the  name  of  H.  feddeni  has  been  suggested  for  it. 
The  genus  Rhinoceros,  if  that  term  be  employed  in  its  widest  sense,  was  abundantly 
represented  in  the  Siwaliks,    The  sole  member  of  the  atelodine  group  is  R,  platy^ 
rhinus,  which  appears  closely  allied  to,  and  is  perhaps  the  ancestor  of,  both  the 
living  African  R,  simus  and  the  pleistocene  R,  antiquitatis  of  Northern  Europe  and 
Asia.     In  the  rhinocerotic  group  R,  sivalensis  was  apparently  very  closely  allied  to 
the  living  R.  sondaicus,  which  it  resembles  in  the  form  of  its  molars  and  the  man- 
dible.   Skulls  and  teeth  of  this  species  are  contained  both  in  the  British  and  Indian 
Museums,  and  its  remains  have  been  obtained  from  the  Sub-Himalaya  and  Sind. 
The  second  species,  R.  palceindicus,  was  also  unicorn,  and  the  mandible  has  a 
pair  of  incisors;  the  upper  molars  are  intermediate  in  structure  between  those 
of  the  living  R,  sondaicus  and  R,  unicornis,  and  it  is  not  improbable  that  the  fossil 
species  was  the  ancestor  of  the  latter.    The  hornless  rhinoceroses  are  represented  by 
the  gigantic  R,  perimensis,  of  which  there  is  a  fine  cranium  and  numerous  teeth 
and  jaws  from  the  Punjab  in  the  Indian  Museum,  and  a  magnificent  palate  and  some 
specimens  of  the  mandible  from  Perim  Island  in  the  collection  of  the  Bombay 
Branch  of  the  Royal  Asiatic  Society ;  the  British  Museum  also  possesses  a  few  speci- 
mens of  teeth  and  jaws  from  Perim  Island.     R,  hlan/ordi  from  the  Bugti  hills  is  a 
second  hornless  species  closely  allied  to  R,  incisivus  of  the  lower  pliocene  of 
Europe.      The  genus  Chalicoiherium  is   represented  by  C  sivalense, — a  species 
presenting  a  peculiarly  aborted  dentition,  and  hence  referred  by  some  to  a  distinct 
genus,  under  the  name  of  Nestor itherium.    This  species  is  of  rare  occurrence,  but  is 
known  by  [an  associated  cranium  and  mandible,   in  the  Museum    of   Mareschal 
College,  Aberdeen,  by  the  upper  molars  of  each  maxilla,  and  a  mandible  in  the 
British  Museum,  and  by  a  few  lower  molars  in  the  Indian  Museum.    The  latter 
specimens  are  from  Sind,  and  the  others  from  the  Sub-Himalaya.    Another  species 
has  been  described  from  the  pliocene  of  China,  under  the  name  of    C,  sinense. 

The  suborder  Artiodactyla  includes  a  very  large  number  of  both  genera  and 
species.  Of  the  true  oxen  {Bos),  three  species  have  been  named,  viz.,  B.  acutifrons, 
remarkable  for  its  enormous  horns  and  angulated  frontals ;  B,  planifrons,  with 


1>ART  2.]  Lydekker  :  The  Fossil  Vertebrata  of  India.  59 

shorter  horns  and  flattened  frontals,  and  closely  allied  to  the  European  B.  taurus  ; 
and  B,  plaiyrhinus,  only  known  by  the  lower  half  of  a  cranium,  of  which  the  generic 
affinities  are  doubtful.  The  latter  specimen,  and  the  cramia  of  each  of  the  pre- 
ceding species,  are  in  the  Indian  Museum,  and  came  from  the  Sub-Himalaya. 
Species  of  Bos  or  allied  genera  are  indicated  from  Perim  Island  by  molars  in  the 
Museum  of  Science  and  Art,  Dublin.  One  cranium  from  the  Sub-Himalaya,  in  the 
Indian  Museum,  belongs  to  a  species  of  Bison,  which  has  been  named  B,  sivalensis  ; 
it  is  the  earliest  form  of  the  genus,  and  seems  to  have  been  allied  to  B.  europaus. 
The  genus  Bubalus  is  represented  by  several  species  ;  the  first  of  which,  B.  platyceros, 
is  known  by  one  cranium  in  the  British,  and  another  in  the  Indian  Museum,  both  being 
from  the  Sub-Himalaya ;  the  horns  were  stout  and  concave  superiorly.  The  second 
species  is  either  closely  allied  to,  or  identical  with  the  living  B,  hujfelus,  which 
occurs  in  the  pleistocene,  if,  indeed,  the  topmost  beds  of  the  Siwaliks  in  which  the 
present  form  is  found  do  not  belong  to  the  same  period.  There  are  three  other 
species^  of  this  genus  more  or  less  closely  allied  to  the  anoa  (^.  depressicornis)  of 
Celebes ;  the  first  of  which  is  named  B.  occipitalis,  and  varies  considerably  in  the 
form  of  its  horn-cores,  which  are  sometimes  nearly  straight,  and  triangular  in  section, 
and  at  others  curved,  and  pyriform  in  section,  another  variety  being  hornless. 
There  are  fine  series  of  the  crania  of  this  species,  both  in  the  British  and  the 
Indian  Museum,  all  from  the  Sub-Himalaya.  The  second  species,  B,  antilopinus,  is 
also  known  by  several  crania  from  the  same  districts.  The  third,  B,  acuiicornis,  is  a 
long-homed  form,  and  is  represented  by  numerous  skulls,  from  the  Sub-Himalaya, 
in  the  British  and  Indian  Museum.  Leptohos  faJconeri  \%  another  form  of  bovine  (in 
some  cases  hornless),  of  which  there  are  several  crania  in  the  British  Museum. 

A  remarkable  hornless  skull,  of  comparatively  large  size,  from  the  Sub- 
Himalaya^  in  the  collection  of  the  British  Museum,  has  been  described  under  the 
name  of  Bucapra  daviesi ;  this  specimen  comes  nearest  to  the  skulls  of  the  goats, 
but  has  molars  of  a  bovine  type,  which  if  found  separately  would  certainly  have 
been  referred  to  some  form  of  oxen.  There  is  evidence  of  three  species  of  true 
goats,  the  first  of  which,  Capra  sivalensis,  is  known  by  two  crania  in  the  British 
Museum  from  the  Sub-Himalaya,  and  is  considered  to  be  allied  to  the  so-called  ibex 
oftheNilgherriesCCj^r^yV/w/a/Vfl).  The  second  species,  C.  perimensis,  is  known  by 
a  portion  of  a  cranium  in  the  Indian  Museum,  from  Perim  Island,  and  was  probably 
allied  to  the  living  markhoor  (C.  falconert)  of  the  Himalaya,  though  the  horn-cores 
do  not  show  a  spiral  twist.  The  third  form  is  unnamed,  since  its  horn-cores,  of 
which  the  Indian  Museum  possesses  numerous  specimens  from  the  Punjab,  are  so 
like  those  of  the  markhoor,  that  it  is  difficult  to  point  out  characters  of  specific  dis- 
tinction with  the  materials  available  ;  it  is  possible  that  these  horns  may  belong  to 
older  individuals  of  C.  perimensis.  It  has  been  stated  that  a  cranium  from  the  Sub- 
Himalaya,  which  is  not  now  forthcoming,  is  specifically  identical  with  the  living 
Himalayan  ibex  (C.  sibirica),  but  this  determination  requires  confirmation,  although 
it  is  highly  likely  that  the  specimen  may  have  belonged  to  an  allied  species.  Another 
cranium,  also  lost,  has  been  referred  to  the  genus  Ovis,    Coming  to  the  antelopes, 

Originally  described  under  the  names  of  Hemihos,  Amphibos,  Probubalus,  and  Peribos; 
the  lynonymy,  which  is  much  involved,  will  be  found  in  part  ii  of  the  writer's  'Catalogue  of 
Fossil  Mammalia  in  the  British  Museum.' 
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an  imperfect  cranium  from  Perim  Island  belongs  to  the  existing  African  strepsicerine 
section  and  has  been  named  Sirepsiceros  (?)  falconeri^ ;  while  maxillae  from  the 
Punjab  have  been  provisionally  referred  to  Oreas  under  the  name  of  0.  (P)  lalidens. 
The  existing  Indian  genus  Boselaphus  is  indicated  by  numerous  jaws,  teeth,  and 
limb-bones,  but  none  of  these  specimens  afEord  characters  sufficient  to  determine 
whether  the  Siwalik  nilghai  is  distinct  from  the  Narbada  B,  namadicus.  The 
African  genus  Hippotragus  is  represented  by  H,  sivalensis,  of  which  the  British 
Museum  has  a  fairly  perfect  cranium ;  while  the  more  widely  spread  Gazeila  is  known 
by  G,  porreciicornts,  and  not  improbably  by  a  smaller  unnamed  species  from  the 
Punjab.  Two  species  of  antelope,  in  which  the  females  were  unprovided  with  horns 
as  in  the  existing  African  genus  Cobus^  have  been  provisionally  referred  to  that  genus 
under  the  names  of  C,  (?)  palceindicus  and  C.  {/*)  patulicornisy  and  in  any  case 
indicate  closely  allied  forms.  A  small  antelope  closely  resembling  in  general 
characters  the  existing  Indian  Teiraceros  quadricornis  has  been  named  T,  daviesi^ 
and  apparently  differs  from  the  former  chiefly  in  the  characters  of  the  upper  pre- 
molars ;  while  it  has  been  suggested  that  a  fragment  of  the  maxilla  of  a  still  smaller 
antelope  may  possibly  belong  to  the  African  genus  Cephalopus,  Alcelaphus  palcein^ 
dicus  is  a  large  antelope  presenting  cranial  characters  intermediate  between  those  of 
the  hartebe4st/^  and  the  blessbock. 

The  family  Giraffida  is  taken  to  vm:\\3A^' Sivatherium  and  its  allies,  and  is  thus 
strongly  represented  in  the  Siwaliks.  •  There  has  been  considerable  discussion  as 
to  the  serial  position  of  the  following  forms ;   Helladoiherium,  with  the  giraffe,  being 
classed  by  some  with  the  deer,  while  Sivaiherium  and  the  two  succeeding  genera 
are  grouped  with  the  antelopes.    The  resemblance  of  the  teeth  and  bones  of  all 
these  animals  is,  however,   so   close  that  it  seems  preferable  to  class  them  all 
together  in  one  large  family,  connecting  the   deer  with  the  antelopes.    The  first 
genus  is  the  well-known  Sivaiherium^  represented  by  the  one  species  S,  giganteum, 
in  which  the  skull  was  furnished  with  two  pairs  of  horns.     Remains  of  this  species 
have  been  obtained  only  from  the  Sub-Himalaya  eastward  of  the  Punjab,  and  of 
these  the  British   Museum  possesses  a  magnificent  series.     The  second  genus 
Bramaiherium  is  known  by  B,  perimense^  of  which  the  cranium,  teeth,   mandible, 
and  some  of  the  limb-bones  are  known  ;    this  species  carried  a  pair  of  horns 
above  the   occiput,  and  a  large  common  horn-base  on  the  frontals.    Its  remains 
have  been  obtained  from  Perim  Island,  and  the  one  known  cranium  is  in  the  Museum 
of  the  Royal  College  of  Surgeons ;  upper  molars  are  in  the  British  Museum,  two 
fragments  of  the  mandible  in  the  Indian  Museum,  and  another,  with  the  last  true 
molar,  in  the  Museum  of  Science  and  Art,  Dublin.    Of  Hydaspitherium^  there  are  two 
species,  of  which  H,  megacephalum  is  known  by  a  cia  lium  and  a  large  series  of  teeth 
and  bones ;  all  from  the  Punjab,  and  preserved  in  the  Indian  Museum ;   it  carried  a 
massive  common  horn-base  above  the  occiput  from  which  the  horns  took  their  origin- 
The  second  species,  H.  grande,  was  larger  and  is  only  known  by  the  upper  molars 
and  the  mandible ;  all  of  which  are  from   the  Punjab,  and  are  now  in  the  Indian 
Museum.    It  is  probable  that  a  cervical  vertebra  from  Beluchistan,  in  the  collection 
of  the  Geological  Society,  belongs  to  one  of  the  above  forms.    A  species  of  jFfel- 

*  Teeth  formerly  proTisionally  referred  to  Palacryx  apparently  belong  either  to  this  or  a 
allied  species. 
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ladoikerium,  apparently  indistinguishable  from  H.  duvernoyi  of  Europe  and  Persia, 
is  represented  by  a  single  cranium  in  the  British  Museum.  The  last  of  the  four 
genera  peculiar  to  the  Siwaliks  is  Vishnuihertum^  which  is  known  by  a  part  of  the 
mandible  from  Burma,  and  probably  by  two  upper  molars  and  some  bones  from 
the  Punjab,  all  of  which  are  in  the  Indian  Museum.  It  seems  to  come  the  nearest 
of  the  four  to  the  girafEe,  and  has  been  named  F.  iravaiicum.  The  one  species 
of  Giraffa  {G*  stvalensts)  appears  closely  allied  to  the  existing  giraffe,  and  also 
to  the  extinct  G.  a/fica  of  Greece  and  Persia ;  it  has  been  found  in  the  Siwalik 
hills,  the  Punjab,  and  Perim  Island. 

In  the  CervidcB  three  specific  names  have  been  applied  to  forms  referred  to 
Cervus^  but  in  one  instance  the  generic  reference  may  be  incorrect ;  C.  stvalensts 
has  been  assigned  to  the  rucervine  group  characteristic  of  South-Eastern  Asia,  the 
antlers  probably  belonging  to  it  presenting  characters  intermediate  between  those  of 
C.  duvaucelli  and  C  eldi.  One  upper  molar  from  the  Punjab  has  been  provisionally 
refened  to  Moschus;  while  another  molar  from  the  same  region  indicates  a  species 
of  Palaomeryx  (P,  stvalensts)  equal  in  size  to  the  large  P.  bojani  of  the  middle 
miocene  of  Europe.  There  are  two  species  of  Camelida,  both  belonging  to  the  type 
genus,  and  respectively  named  Cameltis  stvalensts  and  C.  antiqutis;  in  the  lower  true 
molars  of  both  species  there  is  a  vertical  ridge  now  found  only  in  the  American 
A  tuhenia^  and  their  cervical  vertebrae  are  intermediate  in  structure  between  those  of 
the  latter  and  those  of  the  existing  species  of  Camelus,  In  the  Tragulidce  a  species  of 
Tragulus  has  been  named  T,  stvalensts  on  the  evidence  of  an  upper  molar  from  the 
Punjab ;  and  Dorcaiherium  (which  is  probably  identical  with  the  existing  African 
Hyomoschus)  is  represented  by  the  two  species  D,  majus  and  D,  minus.  Chcero- 
meryx  silistrensis  is  a  peculiar  tetracuspidate  brachydont  form  provisionally  re- 
ferred to  the  DichodoniidcBy  which  has  been  obtained  both  from  Sylhet  and  Sind.^  A 
single  upper  molar  from  Sind,  in  the  Indian  Museum,  apparently  belongs  to  the  North 
American  family  Oreodontidce,  and  has  been  provisionally  referred  to  the  genus  Agrio- 
chorus;  it  seems  very  close  to  A.  latifrons.  The  name  Hemimeryx  hlanfordi  has 
been  applied  to  a  large  selenodont  upper  molar  from  Sind,  which  appears  closely 
allied  to  one  species  of  Merycopoiamus^  and  may  eventually  prove  to  be  generically 
idendcsd.  Of  Merycopotamus  itself  (which  on  account  of  the  presence  of  only  four 
cusps  to  the  upper  true  molars  is  made  the  type  of  a  distinct  family,  although  includ- 
ed! by  some  writers  in  the  AnthracotheriidcB)  there  are  three  species,  of  which  the 
typical  M.  stvalensts  is  the  largest.  The  smaller  M,  nanus  is  readily  distinguished 
by  it?  relatively  shorter  jaws;  while  the  still  smaller  M.  pusillus  (known  only  by  a 
aiingle  upper  molar  from  Kushalgarh  in  the  Punjab)  presents  a  difference  in  the 
structure  of  the  upper  molars,  and  apparently  thereby  approximates  to  the  Dicho- 
doulida. 

Of  the  selenodont  pig-like  animals,  with  five  columns  on  the  upper  molars,  form- 
ing the  family  AnthracotheriidcB,  we  have  twon^med  species  of  An/hracofhertum,axid 
two  of  Hyopotamtis.  Of  the  former,  one  species  (i4.  silisfrense)  is  of  small  size,  and 
is  known  by  three  upper  molars,  and  parts  of  the  mandible  ;  these  specimens  have 
been  obtained  from  near  Sylhet,  the  Punjab,  and  Sind,  and  most  of  them  are  in  the 
Indian  Museum.    The  second  species,  A.  hyopotamoideSy  is  of  very  large  size,  and 

*  The  Sind  form  was  originally  separated  under  the  name  of  Sivameryx  sindiensis. 
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is  known  by  wo  upper  molars  in  the  Indian  Museum,  from  the  Bugti  hills,  to  the 
north  of  Sind ;  some  imperfect  specimens  of  the  mandible  may  also  belong  to  this 
species.  In  addition  to  these  named  forms  there  are  also  two  fragments  of  mandi- 
bular rami  in  the  British  Museum  from  the  Siwalik  hills,  which  apparently  indicate 
the  occurrence  of  two  other  species  intermediate  in  size  between  A.  silistrense  and 
A,  hyopotamoides.  Of  Hyopotamus,  a  small  species,  H.  palcBindicuSy  is  known^by 
several  teeth  and  one  lower  jaw,  from  Sind,  in  the  Indian  Museum ;  the  molars  of 
this  species  have  very  low  crowns  and  difiPer  somewhat  in  structure  from  those  of  all 
the  European  forms.  The  second  species,  H.  giganteus^  is  known  by  two  upper 
molars,  and  by  some  specimens  of  the  mandible  froni  the  Bugti  hills,  now  in  the 
Indian  Museum;  the  upper  tooth  much  resembles  that  of  Anthrac other ium  hyopota^ 
moides,  and  with  that  species  forms  a  complete  transition  between  Anthracotherium 
and  Hyopoiamus,  A  peculiar  form  of  pig-like  animal  from  the  Sub-Himalaya  known 
as  Tetraconodon  magnus  is  apparently  allied  to  Elotheriuniy  but  distinguished  by  the 
presence  of  a  hind  talon  to  the  last  lower  molar,  and  by  the  enormous  size  of  the 
premolars.  The  former  character  approximates  this  genus  to  the  Suidi^  and  tends 
to  indicate  the  advisibility  of  retaining  the  family  ChoBropotamidce  for  Chceropota- 
mus  and  Elotherium,  rather  than  of  including  these  genera  in  the  Anthracofheriida, 
In  the  SuidcB,  Hyoiherium  is  represented  by  H,  sindiense  of  the  lower  Siwaliks  of 
Sind,  and  H,  pertmense  i.  of  Perim  Island  ;  the  former  being  apparently  allied  to  H. 
scemmeringi  oi  the  middle- miocene  of  Styria  and  other  parts  of  Europe,  while  the  latter 
is  distinguished  by  the  great  relative  width  of  the  lower  true  molars.  Hippohyus 
is  a  peculiar  Siwalik  form  apparently  allied  to  Hyotherium,  in  which  the  columns  of 
the  cheek-teeth  have  attained  an  excessive  complexity  of  structure ;  it  is  represented 
by  the  typical  H,  sivaknsis^  and  not  improbably  by  a  second  unnamed  species. 
Saniiherium  schlagintweiii  is  a  smaller  form  apparently  allied  to  the  present  group, 
and  known  only  by  a  few  fagments  of  the  mandible  obtained  from  Kushalgarh. 
Sus  is  represented  by  five  named  species ;  among  which  8.  titan  is  the  largest  pig 
known  in  the  world ;  its  molars  are  of  a  simple  structure,  the  talon  of  the  last 
one  being  of  small  size.  6*.  giganteus  is  a  somewhat  smaller  species  also  having 
simple  molars,  in  which  the  cranium  approximates  to  that  of  6*.  vittatus ;  the 
mandible  provisionally  referred  to  this  species  is  characterized  by  the  unusual 
width  of  the  premolars.  S./alconeri  is  a  species  usually  somewhat  larger  than  the 
existing  &  cristaius^  and  characterised  by  the  extreme  complexity  of  the  true 
molars,  especially  the  last,  in  which  respect  this  species,  in  common  wtth  S.  phaco- 
chceroides  of  the  pliocene  of  Algeria,  makes  a  decided  approach  towards  Phacochcerus  / 
and  it  is  not  improbable,  as  mentioned  above,  that  ^S.  cristatus  is  descended  from 
it:  the  elongated  facial  portion  of  the  cranium  recalls  that  of  S.  harhatus  of 
Borneo.  5.  hysudricus  is  a  small  species  with  simple  molars,  very  closely  allied 
to  S,  pal<Eoch(Erus  of  the  European  lower  pliocene  ;  while  S.  punjabiensis  ig  of  still 
smaller  dimensions,  and  was  not  improbably  the  ancestor  of  the  pigmy  *S.  salvantus 
of  the  Nipal  terai.  Some  unnamed  specimens  may  indicate  a  sixth  species  of  the 
genus.  The  genus  Listriodon,  the  type  of  a  separate  family,  is  represented  by  Z. 
pentapotamicB  and  Z.  theo5aldi,  the  former  being  known  by  several  molars,  and  the 
latter  only  by  one  molar  of  small  size.    All  these  teeth  were  obtained  from  the 

I.    Quart.  Journ.  Geol.  Soc.  Vol.  XLIII.  p.  19  (1887). 
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Punjab,  and  are  in  the  Indian  Museum.  Finally,  in  the  Hippopotamida  there  are 
two  species  of  Hippopotamus^  both  of  which  were  furnished  with  three  pairs  of 
incisors;  H.  sivalensis  was  of  comparatively  large  size,  while  the  Burmese  H. 
iravaticus  was  considerably  smaller  and  has  a  relatively  longer  mandibular  symphysis. 

The  remaining  orders  of  the  Mammalia  are  only  represented  by  a  few  species  of 
roAents,  and  by  one  edentate.  Of  the  former,  a  species  of  Nesokia,  apparently 
allied  to  the  existing  Indian  N,  hardwickei,  is  indicated  by  a  mandibular  ramus 
from  the  Sub-Himalaya.  A  species  of  bambu-rat  {Rhizomys  sivalensis)  has  been 
determined  on  the  evidence  of  specimens  of  the  mandible.  A  porcupine  {Hysirix 
sivalensis)  is  known  by  a  part  of  a  young  cranium  and  the  mandible,  the  former, 
which  is  from  the  Siwalik  Hills,  being  in  the  British  and  the  latter,  which  is  from 
the  Punjab,  in  the  Indan  Museum ;  while  a  species  of  Lepus  is  indicated  by  a 
small  fragment  of  a  mandible  in  the  British  Museum.  The  Edentata  are  known 
only  by  one  phalangeal  bone  frolh  Sind  which  was  originally  named  Manis 
sindiensis,  but  subsequently  referred  to  Macrotherium.  This  bone  apparently  in- 
dicates a  spicies  intermediate  between  typical  species  of  the  latter  genus  and  ManiSy 
and  it  had  been  suggested  that  Manis  giganUa  may  have  descended  from  this  form. 

Miocene. — ^The  only  determined  undoubted  miocene  mammal  is  a  small  rhino- 
ceros from  the  Gaj  beds  of  Sind,  which  has  been  regarded  as  a  variety  of  R. 
sivalensis,  and  named  var.  gajensis  ;  it  is,  however,  quite  probable  that  it  may  be 
spedfically  distinct. 

Eocene, — No  traces  of  mammals  have  yet  been  detected  below  the  eocene,  and 
in  that  formation  only  some  very  fragmentary  bones  have  been  obtained  from  the 
Punjab.  The  determinable  bones  consist  of  the  distal  portions  of  the  femur  and  the 
metatarsus  of  a  perissodactyle  animal,  allied  to,  if  not  identical  with,  Paloeotherium  ; 
and  the  astragalus  of  an  artiodactyle.  The  latter  was  obtained  above  the  nummulitic 
clays  of  Fatehjang,  and  apparently  belonged  to  an  animal,  in  which  the  navicular  and 
cuboid  elements  of  the  tarsus  were  united.  These  specimens  are  in  the  Indian 
Museum. 

Class  II.— AVES. 

Pleistocene.— T\iQ  Kamul  caves  have  yielded  a  small  number  of  bird-remains 
all  of  which  have  been  referred  to  existing  Indian  species.  These  comprise 
Neophron  percnopterus  ;  a  smaller  accipitrine  bird  which  may  be  a  Milvus  or  a  Circus  ; 
the  Ceylon  fish-owl  {Ketupa  ceylonensts)  /  an  eagle-owl,  Bubo  coromandus ;  two 
species  of  francolin,  Irancolinus  pictus,  and  F,  pondicerianus ;  b.  crane  which 
is  very  probably  Grus  communis  ;  and  the  black-headed  ibis  (Ibis  melanocephala). 

Pliocene. — Remains  of  birds  have  hitherto  been  found  only  in  the  upper  Sub- 
Himalayan  Siwaliks,  and  their  numbers  are  still  very  small.  Some  of  these  remains 
are  in  the  British  and  others  in  the  Indian  Museum.  Among  the  Carinatge,  a  tarso- 
metatarsus  has  been  considered  to  belong  to  a  cormorant,  and  is  provisionally  re- 
ferred to  the  genus  Phalacrocorax.  A  species  of  pelican  {Pelecanus  cautleyi),  some- 
what smaller  than  the  living  Indian  P.  mitratus,  is  indicated  by  a  fragment  of  the 
ulna  ;  while  another  fragment  of  the  homologous  bone  has  been  referred  to  a  second 
species,  under  the  name  of  P.  sivalensis,  but  there  is  some  doubt  whether  the  generic 
determination  is  correct.    A  species  of  adjutant-stork,  which  appears  to  have  had 
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considerable  variations  in  size,  has  been  named  Leptopiilusfalconeri;  while  a  ceivicd 
vertebra  from  the  Pnnjab  indicates  another  genus  (A  the  same  groap.  Another 
cervical  vertebra  from  the  same  district  has  been  provisionally  referred  to  Mergus. 
The  Ratitae  appear  to  have  been  represented  by  two  species,  one  of  which  was  a  true 
ostrich  {Siruihio  asia/icm^),  and  is  known  by  several  bones  of  the  leg  and  foot,  and 
some  cervical  vertebrae ;  while  the  other  was  a  three-toed  form  of  which  the  genus  has 
not  been  determined. 

Class  III.— REPTILIA. 
I. — Tertiary. 

Pkisioeene, — ^The  reptilian  remains  from  the  Kamul  caves  comprise  a  tooth  of  a 
species  of  Crocodilus  /  numerous  bones  of  the  existing  Madras  monitor  ( Varanus 
dnacama) ;  and,  in  the  Ophidia^  vertebrae  of  Python  molurus,  of  the  cobra  {Naia 
tripudians\  and  of  a  large  snake  provisionally  identified  with  Ptyas  mucosus. 
Some  other  small  ophidian,  as  well  as  cheionian,  remains  have  not  been  even  generi- 
cally  identified. 

The  reptiles  of  the  older  pleistocene  are  still  very  imperfectly  known,  but  it  is 
probable  that  they  all  belong  to  living  Indian  species.  From  both  the  Jamna  and 
Narbada  beds  specifically  indeterminable  remains  of  crocodiles  have  been  obtained, 
A  complete  specimen  of  the  carapace  ol  Pangshura  flaviventris^  from  the  Narbada  is 
in  the  Indian  Museum,  and  serves  to  connect  the  living  with  the  Siwalik  form,  and 
also  shows  that  the  range  of  the  species  once  extended  over  the  greater  part  of  India ; 
a  less  perfect  specimen  in  the  same  Museum  may  also  belong  to  this  species.  A 
portion  of  the  plastron  of  a  Batagur  from  the  Narbada  valley  has  been  provisionally 
referred  to  B,  dhongoka,  now  found  in  that  river.  A  fragment  of  the  carapace  of  a 
Trionyx,  from  the  same  deposits,  probably  belonged  to  T.gangeticus,  and  a  cranium 
in  the  British  Museum  gives  more  certain  evidence  of  the  occurrence  of  that  species. 

Pliocene  and  (/)  upper  miocene. — The  Chelonia  of  the  Siwaliks  although  still  im- 
perfectly known,  are  represented  by  a  considerable  number  of  forms.  In  the  Testu- 
dinidce  the  gigantic  Colossochelys  atlas  is  the  largest  of  all  known  forms ;  it  is  distin- 
guished from  Tesiudo  by  the  non-union  of  the  pygal  plates  ^  of  the  carapace,  and  by 
the  production  of  the  plastron  anteriorly  into  a  pair  of  cornua,  supported  on  the 
ventral  aspect  by  a  strong  triangular  keel  on  which  the  gular  plates  are  borne ;  the 
length  of  the  restored  carapace  in  a  straight  line  is  8  feet  4  inches.  Four  other  forms 
of  gigantic  land*-tortoises  are  indicated  by  remains  which  are  not  sufficiently  perfect 
to  admit  of  generic  determination.  The  first  of  these  species  is  about  one-half  larger 
than  the  living  Testudo  elephantina  of  Aldabra,  and  has  an  epiplastron  intermediate 
in  structure  between  that  of  Colossochelys  atlas  and  that  of  the  existing  Indian 
Manuria  emys.  The  second,  which  may  be  identical  with  the  form  to  which  the 
name  Cautleya  annuliger  has  been  applied,  is  about  one-fourth  larger  than  T,  elephan^ 

'  A  limb-bone  of  this  species,  and  a  specimen  which  is  apparently  not  avian  at  all,  were 
made  the  types  of  the  genus  Megaloscelornis,  Other  bones  were  referred  to  Dromaus  but 
these  also  turn  out  not  to  be  avian. 

'  Originally  described  as  P.  tectum. 

*  The  term  plate  is  applied  to  the  horny  epidermal  covering,  and  scute  to  the  subjacent 
bony  layer. 
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/M».    The  third  ia  ok  nearly  eqaal  dimensions,  bat  has  a  very  different  epiplastron ; 
while  the  fourth  is  considerably  smaller,  and  appears  more  nearly  allied  to  Uie  existing 
land-torloiaes  of  India  and  Burma.    In  the  EmydidcB^  CUmmys  is  represented  by 
several  fwrns,  six  of  which  have  received  distinct  specific  names.    Of  these  C. 
sivahnsis  is  allied  to  the  existing    C,  crassicollis  of  India  and  the   neighbouring 
regions,  but  has  no  nuchal  plate ;  C,  hydaspica  is  an  allied  form  in  which  the  nuchal 
plate  is  present;  while  a  third  member  of  the  same  group  is  found  in  C  theohaldi 
which  has  an  unusually  depressed  carapace,   with  a  first  vertebral  plate  of  very 
remarkable  shape.     C.  punjabiensis  is  a  form  with  a  bell-shaped  first  vertebral  plate, 
in  which  respect  it  resembles  certain  North  American  species  of  the  genus ;  its 
hinder  vetebrals  have  not  the  'mushroom-shape,'  characteristic  of  the  three  preced- 
ing species.    A  fifth  unnamed  species  comes  so  close  to  the  existing]Indian  C  trijuga^ 
that  it  may  be  pretty  safely  regarded  as  the  ancestor  of  that  species,  if  indeed  it  be 
not  identical.    From  Perim  Island  a  shell  with  quadrangular  vertebral  plates  has 
received  the  name  of  C.  wcUsoni  ^ ;  while  C.  palmndiea  of  the  Siwalik  hills  appears 
closely  allied  to  the  tricarinate  C.  hamiltoni  of  India,  of  which  it  may  have  been  the 
ancestor.    An  unnamed  form  from   Perim  Island  may  perhaps  indicate  an  eighth 
species  of  the  genus.    The  characteristic  Indian  genus  Pangshura  is  represented  by 
a  form  provisionally  identified  with  the  existing  P.  fi<wiventris^  which,  as  we  have 
seen,  also  occurs  in  the  pleistocene  ;  and  by  an  unnamed  species  apparently  more 
nearly  allied  to  P.  tectum  and  P,  ierUoria,    Of  Batagur^  a  genus  confined  to  the 
Oriental  region,  there  are  four  named  species.    Of  these  B.falconeri  is  regarded  aa 
the  ancestor  of  the  Indian^,  ihurgi  ;  B,  bakenis  equally  closely  allied  to  the  existing 
B.  kofhuga ;   B.  durandt  shows  a  strong  resemblance  to  B.  dhongoka ;  while 
B,  catifieyt  presents  afi^ity  to  B.  affinis  and  B,  pictusy  respectively  of  the  Malayan 
peninsila  and  Borneo.    A  generically  undetermined  nuchal  scute  from  the  Punjab 
may  belong  to  a  member  of  the  genus  Geoemtjfda.    In  the  TrionyehidcBi  Emyda  ia 
represented  by  the  existing  Indian  E,  vitiatay  and  also  by  three  extinct  species 
respectively  named  E.  h'neafa,  E.  sivahnsts,  and  E,  palaindica.     The  three  latter 
difiEer  from  existing  species  in  the  structure  of  the  nuchal  scute,  and  the  last  two  are 
of  comparatively  large  size.     Irionyx  was  probably  represented  by  several  species^ 
but  none  of  the  specimens  yet  obtained  have  afforded  satisfactory  characters  for 
specific  diagnosis.    Lastly,  the  peculiar  Indian  genus  Chiira  is  represented  by  the 
existing  C.  indica,  which  is  the  only  known  species . 

In  tiie  Crocodilia,  Crocodilus  sivaUnsis  is  very  closely  allied  to  the  existing  Indian 
C.  palus/ns;  while  C  palatndicus  of  Perim  Island  is  another  member  of  the  same 
group  distinguished  by  its  convex  facial  profile.  The  gharials  are  represented  by 
.the  existing  Garialis  gangeticus /  and  by  an  allied  form  known  as  G,  hysudrtcus, 
whidi  is  distinguished  by  the  form  of  the  rostrum,  and  probably  also  by  that  of  the 
cranium  proper.  G.  curvirostris  from  the  lower  Siwaliks  of  Sind  is  a  very  distinct 
form  characterised  by  the  non-eversion  of  the  anterior  border  of  the  orbit,  and 
probably  allied  to  certain  upper  cretaceous  gharials  of  North  America  which 
have  been  generically  separated  under  the  name  of  Holops.  G.  leptodus  is  known 
only  by  the  rostrum,  which  presents  certain  characters  approximating  it  to  TomU 

'  Quart.  Joum.  Geol.  Soc.  Vol.  XLII.  p.  540  (1886). 
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stoma.  In  G.  pachyrkynchus  of  the  lower  Siwaliks  of  Sind  we  have  a  gigantic 
species  provisionally  referred  to  the  type  genus  presenting  certain  marked  peculiari- 
ties in  the  relations  of  the  anterior  teeth  and  their  pits.  Finally  another  gigantic 
species  from  the  upper  Siwaliks  has  been  made  the  type  of  the  genus  Rhampho- 
suchus,  with  the  specific  affix  of  crassidenSy  and  indicates  a  gharialoid  presenting 
features  in  the  relations  of  the  upper  and  lower  dentition  now  found  only  in  the 
short-jawed  alligatoroid  members  of  the  order. 

The  Lacertilia  are  only  known  by  the  gigantic  Varanus  sivalensis,  which  is  esti- 
mated to  have  attained  a  length  of  eleven  feet.  The  group  appears  to  be  an  old 
one,  as  it  is  represented  by  the  closely  allied,  if  not  generically  identical,  Palao- 
varanus  of  the  Quercy  phosphorites. 

The  only  remains  of  Ophidia  hitherto  obtained  from  the  Siwaliks  are  vertebrae  of 
the  genus  Python  from  the  Punjab  and  Sind.  Some  of  these  specimens  have  been 
provisionally  identified  with  the  existing  Indian  P,  molurus,  while  others  may  indi- 
cate a  distinct  species.  A  python  from  the  Quercy  phosphorites,  originally  named 
Python  cadurcensiT,  but  regarded  by  some  as  generically  distinct  and  therefore 
named  Palceopython,  carries  back  the  origin  of  these  huge  serpents  to  a  remote  epoch* 

Eocene. — ^The  only  specifically  determined  eocene  reptile  may  be  referred  to 
the  genus  Platemys,  under  the  name  P.  leithi.  The  specimen  on  which  this  deter- 
mination rests  is  a  carapace  from  the  inter-trappeans  of  Bombay.  The  genus 
Platemys  belongs  to  the  ChelydidcB,  and,  although  occurring  in  the  Purbeck  and 
lower  eocene  of  England,  is  now  confined  to  South  America ;  the  sectidn  or  sub- 
order {Pleurodira)  of  which  that  family  is  a  member  being  characteristic  at  the 
present  day  of  the  southern  hemisphere.  From  the  nummulitics  of  the  Punjab 
numerous  fragmentary  remains  of  crocodilians  have  been  obtained,  but  are  in  too 
imperfect  condition  for  determination.  Remains  of  large  chelonians  have  recently 
|?een  obtained  from  below  the  coal-beds  at  Nila  in  the  Salt-range,  which  are  appa- 
rently transitional  between  the  eocene  and  cretaceous.  These  specimens  apparently 
belong  to  two  genera ;  and  for  one  which  presents  the  peculiar  feature  of  having 
the  carapace  covered  with  horny  plates,  while  the  plastron  is  pitted  as  in  the 
TrionychidcBy  the  name  of  Hemtchelys  worth i  is  proposed  ;  like  Platemys,  it  belongs 
to  the  Pleurodira. 

II.   MeSOZOIC   and   PALiBOZOlC. 

Cretaceous. — From  the  Arialur  group  (upper  cretaceous)  of  the  Trichinopoli 
series,  and  probably  from  the  Lameta  group  (higher  cretaceous),  there  have  been 
obtained  a  few  teeth  of  species  of  Megalosaurus,  a  genus  whose  range  in  England 
extends  fi;om  the  Jurassic  to  the  wealden,  but  is  also  found  in  the  Maestricht  beds 
of  the  Continent ;  the  one  tooth  of  the  Indian  form  now  forthcoming  is  in  the  Indian 
Museum.  From  the  Lameta  group  there  have  also  been  obtained  the  remains  of 
another  genus  of  gigantic  dinosaur,  to  which  the  name  Titanosaurus  has  been 
assigned,  which  was  represented  by  two  species — T,  indicus  and  T.  blanfordi ;  the 

^  Referred  by  Gray  ('  Ann.  Mag.  Nat.  Hist'  ser.  4,  Vol.  Vlll.,  p.  339)  to  Hydraspis,  which 
is  now  usually  included  in  Platemys.  The  species  was  originally  described  by  Carter  as  a 
Testi*do» 
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fonner  characterised  by  the  centra  of  the  caudal  vertebrae  being  compressed,  while 
in  the  latter  they  are  sub-cylindrical.  Numerous  vertebrae,  chiefly  caudal,  and  a 
huge  femur,  nearly  4  feet  in  length,  are  preserved  in  the  Indian  Museum,  and 
there  is  a  cast  of  one  of  the  former,  belonging  to  T,  indicus,  in  the  British  Museum. 
These  forms,  which  have  hitherto  been  regarded  as  allied  to  Ceieosaurus  of  the 
European  wealden,  but  are  referred  to  a  separate  family,  appear  much  more  closely 
related  with  Ornithopsis  of  the  wealden,  since  a  caudal  vertebra  from  the  Isle  of 
Wight  preserved  in  the  British  Museum,  agrees  very  closely  with  the  vertebrae  of 
7*.  blat^ordif  and  agrees  in  relative  size  with  Orniihopsisy  of  which  the  caudal  verte- 
brae have  been  hitherto  unknown.  It  may  eventually  prove  that  T,  hlanfordi  is 
generically  distinct  from  T.  indicus.  A.  few  bones  in  the  Indian  Museum  indicate  a 
'smaller  undetermined  reptile  from  the  Lametas.  The  Chelonia  are  known  in  the  cre- 
taceous by  some  broken  plates,  in  the  collection  of  the  Indian  Museum,  obtained 
from  the  Lametas,  from  the  infra-trappeahs  of  Rajamahendri  (Rajamundry),  and 
from  the  upper  cretaceous  of  Sind.  The  Crocodilia  are  represented  by  one  amphi- 
coelian  species,  apparently  allied  to  Suchosaurus  of  the  £nglish  wealden,  of  which 
some  vertebrae  have  been  obtained  from  the  upper  cretaceous  of  Sind,  and  are 
now  in  the  Indian  Museum.  A  large  species  of  Ichthyosaurus  named  /.  indicus  is 
known  solely  by  a  few  vertebrae  obtained  from  the  Utatur  group  (middle  cretaceous) 
of  the  Trichinopoli  series,  and  now  in  the  Indian  Museum;  the  range  of  the  genus 
in  Europe  is  from  the  lias  to  the  chalk. 

Gondwana  system, — ^The  exact  identification  of  the  different  members  of  the 
great  freshwater  Gondwana  system  of  Peninsular  India  with  European  horizons 
must  be  regarded  as  still  unsettled,  although  it  is  probable  that  the  fossiliferous  beds 
range  from  the  jura  to  the  permian.^  From  the  Chari  group  of  the  jura  of  Kach 
there  has  been  obtained  a  single  vertebra,  with  an  amphicoelian  centrum,  of  which 
the  afSnides  have  not  yet  been  determined,  but  which  may  be  crocodilian ' ;  and 
from  the  Umia  group  of  the  same,  a  fragment  of  the  mandible  of  a  Plesiosaurus^ 
described  as  P.  indicus  i  the  affinities  of  the  latter  form  cannot  be  fully  determined 
from  the  specimen. 

The  Maleri  group,  whose  fauna  agrees  with  that  of  the  upper  trias  of  Europe, 
has  yielded  the  primitive  crocodilian  ParcLsuchus  hislopi^  which  is  apparently  allied 
to  StagonoUpis  of  the  Elgin  sandstone,  and  is  the  type  of  the  suborder  Parasuchia; 
Hfperodapidon  huxleyi,  differing  from  the  triassic  European  H,  gordoni  by  the 
arrangement  of  the  palato-maxillary  teeth,  and  apparently  by  the  presence  of  lateral 
teeth  on  the  mandible ;  and  a  dinosaur  apparently  allied  to  the  European  triassic 
genus  Thecod&ntosaurus,    The  Tiki  group  in  South  Rewah,  which  is  provisionally 

*  In  dealing  with  the  vertebrates  o£  certain  Gondwana  groups,  I  have  shown  that  the 
evidence  taken  alone  would  indicate  the  following  homotazy  of  certain  groups,  vtM,  :— 

Low.  Jura.:— Kota.         ">  ,,  u  1  ^  n  '^  l  1  \ 

Up.  Trias,:-Maleri.       j  0*''»'P'"  »""^  Raj«ahal.) 

Low.  Trias.: — Panchet. 

Up.  Permian  :— Bijori  and  Mangli  (Upp.  Damuda). 
Thb  would  indicate  that  the  Barakars  (Low.  Damuda)  correspond  either  with  the  lower 
permian  or  the  upper  carboniferous,  and  the  Talchirs  either  with  the  upper  or  lower  carboni* 
ferons.    See  Appendix,  and  'Records*,  Vol.  XIX,  pp.  133-34  (1886).' 

*  It  has  been  suggested  that  this  form  may  be  Parasuchut;  but  the  horizon  renders  this 
improbable. 

C 
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COTfeUtAed  widi  the  MaBenh6nzott  h^  jielded  the  same  rhynchocephalian  and  dino- 
sai»ian  remains,  bat  the  crocodilian  of  the  latter  groiip  is  Fephtced  by  the  Eupopeain 
genus  Bilodo%  so  characteristic  of  the  upper  trias  (keuper)  of  Germany.  The  oldest 
Keptiles  hitherto  found  in  India  occur  near  Ranigunj  in  lower  Bengal,  in  the 
P^chet  group  of  the  Gondwanas^  of  which  the  vertebrate  fauna  has  a  lower  triasac 
fiacies.  The  remains  of  a  species  of  Dicynodon,  belonging  to  the  Ptfchognatkine 
group,  are  of  comparatively  common  occurrence  in  the  coarse  Panchet  sandstone, 
and  have  been  described  as  D.  oritnialis.  Other  remains  seem  to  indicate  a  second 
and  larger  species  of  the  genus.  The  suborder  ^  of  reptiles  to  which  Ditynodon 
belongs  is  characteristic  of  the  reputed  trias  of  India,  Russia,  and  Africa,  and 
attained  its  fullest  development  in  the  latter  country.  The  remains  of  the  Indian 
forms  all  occur  over  a  very  small  area  in  one  thin  seam  of  the  Panchets.  The 
dinosaur  has  been  named  Epicampadon  '  indicus,  and  is  the  sole  representative  of 
the  genus ;  it  is  known  merely  by  two  minute,  compressed,  and  trenchant  teeth,  with 
serrated  edges  like  those  of  Megalosaurus,  and  implanted  in  distinct  sockets.  The 
above  specimens' are  In  the  Indian  Museum. 

Class  I V.~ AMPHIBIA. 
I. — Tertiary  at^d  Post-Tertiary. 

Pleistocene, — Remains  of  a  large  Bufd,  probably  identical  witK  the  existing 
Indian  B.  melanostictus^  have  been  obtained  from  the  Kamul  caves  in  Madras. 

Eocene. — In  the  eocene  of  Bombay  there  occur  numerous  remains  of  a  small 
frog,  belonging  to  the  genus  OxyglossuSy  now  living  in  China,  Siam,  and  possibly 
India ;  the  fossil  species  is  extinct,  and  is  known  as  O.  pusillus :  remains  of  a 
larger,  but  undetermined,  frog  are  also  indicated. 

II. — MESOZOIC  AND^  PALiBOZOIC. 

Gondwana  system. — The  Denwa  group  of  the  Satpura  district,  wluch  is  probacy 
not  far  removed  in  time  from  the  Maleri  horizon,  has  yielded  the  right  supra- 
temporal  bone  of  a  large  species  of  Masiodonsaurus  closely  allied  to  M.  giganteus 
of  the  upper  and  middle  trias  (keuper  and  muschelkalk)  of  Europe.  Remains  of 
another  large  labyrinthodOnt,  apparently  allied  to  the  upper  triassic  (keuper)  Meto- 
pias  £aid  Capitosaurusy  have  been  obtained  from  the  Maleri  and  Tiki  (South  Rewah) 
groups  ;  whil6  the  former  group  has  also  yielded  fragments  of  a  Pachygonia  which 
may  be  specifically  identical  with  the  Panchet  f6rm. 

FVom  the  Panchet  group  three  genera  of  sknd^r-jawed'labyrinthodonts  allied 
to  those  of  the  European  lower  trias  are  known.  The  first  ofthiese,  Pachygonia,  has 
only  the '  one  species  P.  incurvata,  and  is  known  by  the  greater  part  of  the 
mandible,  and  a  fragment  of  the  cranium.  The  marking  of  the  former  is  like  that 
of  Mastodonsaurus.  The  second  genus,  Gonioglyptus,  has  two  species,  the  smaller 
known  as  G,  longirostris  and  the  larger  as  (?.  huxleyi;  it  is  considered  to  be  closely 
allied  to  Trematosaurus  of  the  bunter-sandstone  of  Germany.    The  third  genus  is 

'  The  ordinal  term  Anomodontia  is  here  used  in  a  wide  sense  to  embrace  the  Dicjrnodontia, 
Rhynchocephalia,  Theriodqntia,  &c.,  which  are  ranked  as  saborders. 

*  Originally  described  as  Aniistrodonsi  name  preoccupied  by  a  genus  of  Pisces  {Ancis* 
tfodon). 
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known  only  by  a  single  fragment  of  a  mandible,  to  which  the  name  Glypiognathus 
fragilis  has  been  applied.  These  three  genera  are  peculiar  to  India,  and  all  their 
remains  are  exhibited  in  the  Indian  Museum;  the  two  former  belonging  to  the 
section  Euglypta.  From  the  Mangli  beds  another  peculiar  genus  of  labyrinthodont 
has  been  obtained,  and  is  represented  by  a  single  skull  in  the  collection  of  the 
Geological  Society,  to  which  the  name  Brachyops  laticeps  has  been  applied.  This, 
genus  is  allied  to  Rhinosaurus  from  the  Jurassic  of  Europe,  to  Micropholis  of  the 
Karoo  system  of  Africa,  and  to  Bothriceps  of  the  reputed  trias  of  Australia,  and  with 
them  constitutes  the  section  Brachyopina.  The  oldest  Indian  labyrinthodont  at 
present  known  is  represented  by  the  greater  portion  of  a  skeleton  obtained  from  the 
Bijori  group,  and  has  been  referred  to  the  Archegosaurida  under  the  name  of  Gond- 
ivanasaurus  bijoritnsis  ;  it  presents  the  peculiar  type  of  vertebral  structure  to  which 
Professor  Cope  has  applied  the  name  rhachitomous,  and  is  of  great  interest  as  show- 
ing the  wide  distribution  of  these  primitive  forms  in  this  early  period  of  the  world's 
history. 

Class  V.— PISCES. 
I. — Tertiary.  . 

PUocene  and  (?)  upper  miocene, — ^With  one  exception  all  the  remains  of  Siwalik 
fishes  have  been  obtained  from  the  upper  division  of  the  series.    Teeth  of  a  species 
of  Carcharias  apparently  allied  to  the  existing  Indian  C.  giaucus  and  C  gange/tcus 
occur  sparingly  in  the  Siwaliks  of  the  Punjab ;  and  it  is  interesting  to  notice  that  the 
latter  shark  which  frequently  ascends  a  considerable  distance  up  tidal  rivers,  is  found 
living  in  inland  lakes  in  the  Fiji  islands.    The  large-toothed  Carcharodon  is  repre- 
sented by  a  single  tooth  from  the  Siwaliks  of  lower  Burma.     In  the  Teleostei,  as 
might  have  been  expected,  nearly  all  the  Siwalik  forms  belong  to  the  families 
OphiocephalidcB  and  Siluridce,  which  are  now  so  abundantly   represented  in  the 
freshwaters  of  India.    Of  the  former  family  the  type  genus  Ophzocepkalus  is  repre- 
sented by  two  species,  one  considerably  larger  than  the  other.    This  genus  is  mainly 
characteristic  of  the  Oriental  region,  although  one  or  two  species  occur  in  Africa, 
and  no  other  fossjll  forms  are  known.    In  the  Siluridce  the  genus  Clarias,  which 
is  confined  to  the  Oriental  region  and  Africa,  is  represented  by  C.  fdlconeri ;  while 
one  species  of  the  allied  African  genus  Heterohranchus  has  been  described  under 
the  name  of  H,  palaindicus.    An  imperfect  cranium  from  the  Punjab  has  been 
provisionally  referred  to  the  genus    Chrysichthysy  now  characteristic  of  tropical 
Africa,  under  the  name  of  C  theohaldi ;  and  if  rightly  determined  affords  additional 
evidence  of  the  African  affinities  of  the  Siwalik  fish-fauna,  so  strongly  exemplified  by 
the  occurrence  of  Heterohranchus.    The  existing  Macrones  aor  of  the  Indian  and 
Burmese  rivers  has  existed  there  since  the  Siwalik  period ;  while  the  {characteristic 
Oriental  genus  Rita  was  represented  by  a  large  species  from  the  Punjab  to  which 
the  name  R,  grandiscuiata  has  been  applied.    Of  the  widely-distributed  genus 
Arius  there  is  evidence  of  two  species ;  one  being  very  large  and  apparently  allied 
to  the  existing  A.  laiiscutaius  of  West  Africa;  while  the  other  is  smaller,  and  its 
generic  reference  provisional ;  the  latter  is  known  only  by  palatines  from  the  Punjab 
and  Sind.    Finally  more  numerous  remains  belonging  to  the  huge  Bagarius  yarrelli 
now  inhabiting  the  larger  rivers  of  India  and  Java  have  been  obtained  from  the 
typical  Siwalik  hills.    The  genus  Bagarius  is  a  comparatively  old  one,  since  remains 
C  2 
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from  the  older  tertiaries  of  Padang  in  Sumatra  have  been  described  under  the 
name  of  B.  gigas.  The  last  Siwalik  fish  belongs  to  the  family  CyprinodontidcB,  but 
its  generic  position  has  not  yet  been  determined ;  the  one  specimen  is  preserved  in 
the  Museum  of  Science  and  Art,  Dublin. 

Eocene. — ^From  the  eocene  of  the  Andaman  Islands  and  Ramri  Island  on  the 
Arakan  coast  there  have  been  obtained  two  teeth  of  a  large  Diodon^  named  D. 
foleyi ;  and  from  the  occurrence  of  D,  hystrix  off  these  coasts  at  the  present  time, 
it  may  be  assumed  that  the  genus  has  lived  there  since  the  eocene.  Remains  of  this 
genus  have  been  obtained  from  the  miocene  of  Malta  and  other  parts  of  Europe. 
Undetermined  cycloid  scales  have  been  obtained  from  the  eocene  of  Thyetmyo  in 
Burma.  From  the  eocene  of  Kach  the  dental  plate  of  a  species  of  eagle-ray  has 
received  the  name  of  Myliohatin  curvipalaius  ;  while  from  the  neighbourhood  of 
Kohat,  in  the  Punjab,  a  single  incisor  of  a  sparoid  fish,  named  Capitodm  indicus, 
has  been  obtained.  This  genus  was  previously  known  only  from  the  miocene  of  the 
Vienna  basin  and  Silesia,  and  is  allied  to  the  living  Sargus,  All  the  above  specie 
mens  of  teeth  are  in  the  collection  of  the  Indian  Museum.  A  fragment  of  chert 
from  Sind,  which  is  of  eocene  age,  in  the  British  Museum  (No.  23284),  bears  the 
impress  of  part  of  the  cranial  rostrum  of  a  sword-fish  of  the  genus  Ccelorhynchus^ 
which  is  found  in  the  Bracklesham  beds  and  the  London-clay  of  Sheppey.  The 
above-mentioned  bed  in  the  Salt-range  from  which  the  Chelonians  were  obtained, 
has  also  yielded  some  undesci'ibed  fish-teeth  which  are  said  to  belong  to  the  genera 
Lamna,  0/odus,  Hemipris/is,  and  Capitodus, 


II. — MeSOZOIC  and   PALiBZOlC. 

Cretaceous. — ^A  few  remains  of  fishes  have  been  obtained  from  the  higher  creta- 
ceous Lameta  group,  but  are  not  determined,  though  it  has  been  suggested  that 
some  of  them  may  belong  to  the  genus  Sphyrosnodus^  of  the  cretaceous  of  Europe. 
From  the  three  groups  of  the  middle  and  upper  cretaceous  Trichinopoli  series  the 
remains  of  several  species  of  sharks  have  been  obtained  ;  these  comprise  the  genera 
Corax  (probably  not  really  different  from  Carcharias),  Lamna  (including  Oxyrhina), 
OdontaspiSt  and  Otodus  i  all  these  genera  occur  in  the  cretaceous  of  Europe,  the 
species  Corax  pristodontus  being  common  to  the  two  regions.  The  widely-distri- 
buted upper  cretaceous  Ptychodus  latissimus  has  left  a  few  remains ;  and  it  may  be 
well  to  observe  that  the  genus  Ptychodus^  which  has  been  usually  referred  to  the  ces- 
traciont  sharks,  appears  really  to  be  a  ray.^  One  fragment  indicates  a  ganoid  which 
has  been  provisionally  identified  with  the  European  genus  Pycnodus;  while  another 
member  of  the  same  order  is  referred  to  Sphcerodus  with  the  name  of  S,  rugulosus. 
The  only  known  teleostean  fish  from  this  formation  belongs  to  the  European  creta- 
ceous genus  EnchoduSy  and  has  received  the  name  E,  serratus  ;  the  genus  is  now 
referred  to  the  family  TrichiuridcR,  of  which  the  scabbard-fish  {Lepidopus)  is  a  well- 
known  example. 

Gondwana  system, — From  the  Kota  group,  whose  fauna  presents  a  decided 
liassic  facies,  nine  species  of  ganoids  have  been  determined;  many  of  them  on 
nearly  complete  specimens.    The  Dapedida  *  are  represented  by  Tetragonolepis  (three 

'  See  a  paper  by  Mr.  A.  Smith-Woodward  in  the  Quart.  Journ.  Geo!.  See.  Vol.  XLIII. 
*  Siflodontida  of  Gunther. 
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species)  and  the  closely  iWit^  Dapedius  (one  species^  ;  both  genera  being  in  Europe 
exclusively  Jurassic,  and  especially  characteristic  of  the  lias.  The  other  family  is 
^tLepidoiidcs}  of  which  there  are  five  species  belonging  to  the  type  genus  Lepidotust 
which  ranges  from  the  lias  to  the  cretaceous,  and  apparently  survived  into  the 
eocene,  if  the  species  from  that  formation  should  not  prove  to  be  a  Lepidosieus,  The 
remaining  ganoid  is  not  generically  determined.  In  the  Maleri  group,  the  fauna  of 
which  shows  an  upper  triassic  facies,  three  species  of  the  genus  Ceratodus  have  been 
determined,  and  respectively  named  C.  hislopianus^  C,  huntertanus,  and  C.  virapa  ; 
the  latter  being  considered  closely  allied  to  C  polymorphus  of  the  upper  trias 
(rhaetic)  of  Bristol.  At  the  present  day  the  genus  inhabits  the  rivers  of  Queensland, 
and  in  Europe  is  found  fossil  from  the  upper  trias  (keuper)  to  the  jura.  The  speci- 
mens are  in  the  Indian  Museum. 

Productus4imestone, — The  earliest  Indian  Vertebrata  of  which  there  is  any  record 
are  known  merely  by  a  few  specimens  of  teeth  and  spines  obtained  from   the 
palaeozoic  rocks  of  the  Salt-range  in  the  Punjab.     The  system  from  which  these 
remains  were  obtained  is  termed  the  *  Productus-Limestone,'  and  is  considered  to 
correspond  to  the  permian  and  upper  carboniferous  of  Europe.     A  peculiar  genus  of 
ganoid  is  described,  upon  the  evidence  of  a  single  tooth,  under  the  name  of  Sigmodus 
dubius;  this  tooth  being  of  an  elongated  conical  form  and  much  resembling  the 
teeth  of  certain  saurians.    Other  small  teeth  have  been  doubtfully  referred  to  the 
ganoid  genus  Saurich/hys,  with  the  name  of  S,  (/*)  indicus ;  the  genus  belongs  to 
the  same  family  as  Holopiychius,  and  is  characteristic  of  the  devonian  and  carboni- 
ferous of  Europe.     Of  the  cochliodonts,  referred  by  Gunther  to  the  CesiraciontidcB, 
there  are  two  peculiar  genera,  each  represented  by  a  single  species,  namely,  PcRciU 
odus  paradoxus  and  Psephodtis  indicus ;  the  tooth  of  the  former  is  of  the  flattened 
cestradont  type.    Of  other  Selachoidei  with  crushing  teeth,  six  genera  have  been 
named,  some  from  the  evidence  of  teeth,  and  others  from  spines ;  but  in  view  of 
certain  modern  discoveries,  it  is  not  impossible  that  in  some  cases  distinct  genera 
have  been  formed  from  the  different  remains  of  the  same  animal.    Of  these  the 
new  genus  Helodopsis^  allied  to  the  European  Helodus,  has  been  formed  for  the 
reception  of  two  teeth,  which  have  been  referred  to  distinct  species  under  the  re- 
spective names  of  H.  elongaia  and  H,  abbreviata.    A  fragmental  tooth,  too  imperfect 
for  specific  determination,  has  been  referred  to  the  common  European  devonian 
and  carboniferous  genus  Psammodus?   A  fourth  tooth,  under  the  name  of  P.  indicus, 
is  referred  to  the  European  genus  Peialorhyncusy  which  is  very  doubtfully  separated 
from  Peialodus.    Teeth  of  two  species  of  Acrodus  have  also  been  described,  to  one 
of  which  the  name  A,  flemingi  has  been  applied.    Of  the  spines,  three  specimens 
are  referred  to  the  genus  Xys/racan/Aus,  of  the  carboniferous  of  North  America, 
under  the  name  of  X,  gracilis,  X.  major ^  and  X.  minor  /  the  possibility  of  these 
specimens  belonging  to  some  species  of  Helodopsis  is,   however,  suggested.    A 
fourth  spine  is  referred  to  a  genus,  under  the  name  of  Thaumatacanihus  blanfordi. 
As  far  as  the  evidence  of  these  fishes  goes,  it  is  apparent  that  sharks  with  crushing 
teeth  were  the  dominant  forms  in  the  Indian  carboniferous  seas,  as  well  as  in  those 
of  Europe  and  America.    Most  of  the  specimens  noticed  above  are  in  the  collection 
of  the  Indian  Museum. 

>  Spharodontida  of  Gunther.  '  This  genus  may  eventually  prove  to  be  a  ray. 
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MAMMALIA 


SYSTEMATIC  CHRONOLOGICAL  LIST  OF  SPECIES. 

I.  TERTIARY  AND  POST-TERTIARY. 

I.  Plbistocbnb  and  (F)  later  beds.* 
a.  Turbary  and  alluvium  of  Madras,^  Assam^  etc, 

.    Primates         .        .    f  Macacus  sp.  {cf,  rhesus  \^F.  C«v.]  ). 

9p,  {cf,  sinicus  [  Linn.  ]  ) 
Ungulata  .  Elephas  indicus,  Linn, 

f  Rhinoceros  unicornis,  Linn. 
t  Sus  cristatus,  Wagner, 

b.  Caverns  of  the  Karnul  district^  Madras. 


>» 


Primates 


Carnivora 


Insbctivora 
Chiroptbra 

Ungulata 


RODBNTIA 


Semnopithecus  entellos  {Dufresne), 

Cynocephalus,  tp. 

Felis  tigris  (or  P  leo)  Linn. 

—  P  pardus,  Linn, 

—  chaus,  GUldenst, 

rubiginosa,  Geqffr. 

Hyaena  crocuta  {Erxl,). 
Viverra  karnuliensis,  Lyd. 
Prionodon  (?),  sp, 
Herpestes  griseus,  Desm, 
— —   fuscus,  Waterh. 
— ^—   nipaleosis,  Gray. 
Ursus  labiatus,  Blainv. 
Sorez,  sp. 

Taphozous  saccolaemus,  Temm, 
Pbyllorfaina  diadema  (Geoffr.),. 
Equtts  asinus,  Linn. 

— — sp,  a. 

Rhinoceros  karnuliensis,  Lyd, 
Bos  or  Bubalus,  sp, 
Boselaphus  tragocamelus  (Pall). 
Genus  non.  det, 
Gazella  bennetti  (Sykes), 
Antiiope  cervicapra  (Linn,), 
Tetraceros  quadricornis  (Blainv.). 
Cervus  aristotelis,  Cuv, 

•  axis,  Erxl, 

P  Cervulus  muntjac  (Zimm). 
Tragulus  (cf.  meminna  [Erjr/.]), 
Sus  cristatus,  Wagner, 

—  karnuliensis,  Lyd, 
Sciurus  macrurus,  Hardw, 
Gerbillus  indicus  (Hardw,), 
Nesokia  bandicoota  (Beck,). 
— —    kok.  Gray, 

Mus  mettada  (Gray), 

—  platythrix,  Sykes, 

—  sp,  var, 
Golunda  ellioti.  Gray. 


^  The  Madras  forms  arc  Indicated  by  f. 
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EstNTATA 

AVES     . 

•     AoOIPITiUIS 

Srsiais  . 

GALLfNil 

Albctoridbs 

Hbrodionbs 

REFriLIA 

.   Crocodilia 

Lacbrtilia 

Ophidia 

AMPHIBIA 

.    Batrachia 

MAMMALIA 

< 

.  Unqulata 

d.  The  ITarbada,  Ja 

n 

,   Carnivora 

• 

Ungui^ata 

RBPTILIA 


MAMMALIA 


RoDBNTiA— «0ii^.  Hystrbc  c^ssidens,  Lyd, 

Atherura  karnaliansis,  Lyd, 
Lepus  {cf,  nigricollis,  F.  C««.). 
•         •  Manis  gigantea,  Illiger. 

Neophron  percnopterus  (Linn.). 
?  Milvus  or  Circus,  sp, 
Ketupa  ceylonensis  (Gmelin), 
Bubo  corotnandus  (Lath.), 

•  Francolinus  pictus  {Jafd,  and  Selby), 
— — —  pondicerianus  {Gmelin). 
Gru8  {cf,  communis,  Bechst.). 
Ibis  melanocephala  (Lath,), 
CrocodiluSi  sp, 
Varanus  dracaena  (Shaw,), 
Python  molurus  (Linn,), 
Naia  tripudians  (Merr.), 
Ptyas  mucosus  (Linn,), 
Bubo  (if,  melanostictus,  Schneid.), 

c.  The  Kistna  Valley, 

Rhinoceros  deccanensis,  Foote, 
Bos  or  Bubalus,  tp, 

tat  Codaveri,  and  P$tnganga  Valleys, 
Ursus  namadicus,  F.  &  C. 
Felis  (P  tigris,  or  leo,  Linn), 
Elephas  namadicus,  F,  &  C. 
'  ganesa,  F.  &  C, 

P  — —  insignis,  F,  &  C, 
Rhinoceros  unicornis,  Linn. 
'"  namadicus,  F,  &  C, 

Equus  namadicus,  F,  &  C. 
Bubalus  buffelus  (Blum,), 
Bos  namadicus,  F,  &  C, 
Leptobos  fraseri,  RUt, 
Boselaphus  namadicus  (RUt ). 
Antilope  cervicapra.  Pall. 
Cervus  aristotelis,  Cuv, 

? duvaucelli,  Cuv. 

■  porcinuSi  Zimm. 
Sus  cristatus,  Wagn, 
Hippopotamus  palaeindicus,  F.  &  C, 
— ^— — —  namadicus,  F,  &  C, 

•  Muridx,  gen,  non,  del, 
Crocodilus,  (?)  sp, 

.  Pangshura  flaviventrb,  Cuntk, 

Batagur  (cf,  dhongoka,  Gray.), 
Trionyx  gangeticus,  Cuv, 

2.  Pliocbnb  and  (?)  Uppbr  Miocbnb. 
a.  Hundes  Valley  in  Tibet, 
Carnivora       .        .  Hyaena,  5^. 

Unoulata        .         •  Hipparion,  sp, 

Pantholops,  (?)  hundesiensis,  Lyd, 
Capra,  sp. 
Oris,  (f)  sp. 


RODBNTIA 

ClIOCODtt/IA 

Chblonia 
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UnOULATA— ftfllil^. 


AVES 


RODBNTIA 


REPTILIA 


Edentata 
Stboanopodbs 


Hbrodionbs, 

Ansb^is^  . 
Struthionbs 
•    Chblonia 


i 


Ik 


v 


Dorcatherium  majus,  Lyd* 
— — ^^—  minus,  Lyd. 
t  Choeromeryx  silistrensis  (Pent). 
tt  Agriochoerus  (?)  sp, 
ft  Hemimeryx  blanfordi,  Lyd. 

Merycopotamus  dissimilis,  F.&C, 
..  — ^    nanus,  Lyd. 

H      .  pusillus,  Lyd. 

it  Hyopotamus  palaeindicus,  Lyd, 

tt  — giganteus,  Lyd. 

t  Anthracotherium  silbtrense  (Pent). 

tt hyopotamoides,  Lyd. 

-^-^— ^■^—    sp.  a. 
-^-^— ^^—    ep.  b. 
Tetraconodon  magnus,  Fate. 
tt  Hyotherium  sindiense,  Lyd. 

t perimense,  Lyd. 

Hippohyus  sivalensis,  F.  &  C. 
— ^—     sp. 

Sanitherium  schlagintweiti,  Myr. 
Sus  giganteus,  F.  &  C. 

0  titan«  Lyd. 

— —  falconeri,  Lyd. 

t  —  hysudricus,  F,  &  C. 

1  —  punjabiensis,  Lyd, 
sp. 

I  Listriodon  pentapotamix.  Fate, 

I  a-^-*—    theobaldi,  Lyd. 

*  Hippopotamus  iravaticus,  F.  &  C. 

■  sivalensis,  F.  &  C. 

Nesokia,  sp, 

Rhizomys  sivalensis,  Lyd. 

Hystrix  sivalensiS,  Lyd. 

Lepus,  sp. 
ft  Macrotherium  sindiense,  Lyd, 

Phalacrocorax  (P)  sp. 

Pelecanus  cautleyi,  Dav. 

(P)  sivalensis,  Dav. 

Leptoptilus  falconeri  (Af.  Ed.). 

Gen.  non,  det, 
P  Mergus,  sp. 

Struthio  asiaticus,  M,  Ed, 

Colossochelys  atlas,  F.  &  C. 

Genus  non  det^  sp.  a, 

■■  sp.  b,  (P  Cautleya  annufiger 

Theob.) 
■    sp.  c, 

■  sp.  d. 

\  Clemmys  sivalensis  (Theob.). 
I  ■  hydaspica,  Lyd. 

B  — —  theobaldi,  Lyd. 
I  ■  punjabiensis,  Lyd. 

— ^— •  sp.  a. 
X  — —  watsoni,  Lyd. 
— ^—  palxindica,  Lyd, 
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Unoulata 


ft 
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AMPHIBIA     . 
PISCES 


Chblonia 


Crocodilia 
Batrachia 


Ctemmys  (?)  sp,  h, 

Pangshura  flaviventrisi  Gunth.  (?) 

— — ^—    sp.  a. 

Batagur  falconeri,  Lyd, 

bakeri,  Lyd. 

■    durandi,  Lyd, 

cautleyi,  Lyd, 

Genus  non  dei,  (?  Geoemyda)  sp, 
Emyda  vittata,  Pet, 

—  lineata,  Lyd. 

—  sivalensis,  Lyd, 
— ^  palsindica,  Lyd. 
Trionyx,  sp. 

Chitra  indica,  Gray, 

Crocodilus  sivalensis,  Lyd, 
X  — —    palsindicus,  Pale, 

Garialis  gangeticus  (Gmel,), 

— —  hysudricus,  Lyd, 
ft  curvirostris,  Lyd, 

leptodus  (P,  &  C), 

t+   ■  pachyrhynchus,  Lyd, 

Rhamphosuchus  crassidens  (P,  &  C). 

Varanus  sivalensis,  Pale. 
I]   Python  moiurus,  Linn, 

I  t  sp- 

II  Carcharias,  sp, 

*  Carcharodon,  sp, 

Ophiocephalus,  sp.  a, 

— ^— — ^^—  sp,  b, 

Clarias  falconeri,  Lyd. 

Heterobranchus  palaeindicus,  Lyd, 
\  Chrysichthys  (?)  theobaldi,  Lyd. 

Macrones  aor,  B.  Ham, 
I  Rita  grandiscutata,  Lyd, 

Arius,  sp,  a. 
I  t  sp,  b, 

Bagarius  yarrelli  {Syk.). 

CyprinodontidOf  gen.  non,  det. 


3.   MiOCBNB. 

•  Rhinoceros  sivalensis,  van  gajensis,  Lyd. 

4«  EOCBNB. 

(?)  Palaeotherium,  sp. 

Gen.  non.  det,  (Artiodactyle), 
Platemys  leithi  {Carter), 
Hemichelys  warthi,  Lyd, 
Gen.  non*  det. 
•  Gen.  non.  det* 

Oxyglossus  posillus  (jOwen), 
(?)*A 


Chonoroptbryoii 
acanthoptbrygii 

Plbctognathi 


Myliobatis  curvipalatus,  Lyd* 
Capitodus  indicas,  Lyd, 
Codorhynchas,  sp. 
Diodon  foleyi,  L^d, 
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REPTILIA 


PISCES 


R  EPTILIA 


AMPHIBIA 


PISCES 


II.— MESOZOIC  AND  PALAEOZOIC. 
i.^Crbtacbous. 


DiNOSAURIA 


Chblonia 
Crocodilia 
Ichthyosauria 
/  Chondroptbrygii 


I* 


I 


Ganoidbi 

Acanthoptbrygii    . 

2.^GoNDWANA  {Juta  io  Permian!}^ 


Megalosaurus,  sp, 
Titanosaurus  blanfordi,  Lyd, 
'  indicus,  Lyd, 

Gen,  non  det. 
Gen.  non  det. 
Gen.  non  det 

Ichthyosaurus  indicus,  Lyd» 
Corax  incisus,  Eger, 

pristodontus,  Agas, 

Lamna  complanata,  Eger, 
^—  sigmoides,  Eger, 

(Ozyrhina)  triangularis,  Eger, 

— ep, 

Odontaspis  constrictus,  Eger, 
— ^— -  oxypeion,  Eger, 
Otodus  basal  is,  Eger, 

' divergens,  Eger, 

• marginatus,  Eger. 

—  minutus,  Eger, 
^^—  nanus,  Eiger, 

•    semiplicatus,  Eger, 
Ptychodus  latissimns,  Agas, 
Pycnodus  (?)  sp, 
Sphaerodus  rugulosus,  Eger, 

Enchodus  serratus,  Eger. 


DiNOSAURIA 

Crocodilia 
Anomodontia 


Plbsiosauria  • 
Labyrinthodontia 


(P) 


Ganoiobi 


Epicampodon  indicus  (Mux,). 
Gen,  non  deU 
Gen,  non  det, 
Parasuchus  hislopi,  Lfd, 
Belodon,  tp, 

Hyperodapedon  huxleyi,  Lyd, 
Dicynodon  oriental  is,  Hux, 

Plesiosaurus  indicus,  Lyd, 
Gonioglyptus  longirostris,  Hux. 

huxleyi,  Lyd, 

Glyptognathus  fragilis,  Lyd, 
Pachygonia  incurvata,  Hux, 

sp, 

Mastodonsaurus,  sp. 
Gen,  non  det, 
II  Brachyops  laticeps,  Owen, 
II  Gondwanosaurus  bijoriensis,  Lyd, 
Ceratodus  hislopianus,  Old, 

bunterianus,  Old, 

virapa,  Old, 

Lepidotus  breviceps,  Eger, 

calcaratus,  Eger, 

'  deccanensis,  Eger, 


1  The  older  unffossilifferous  beds  are  probably  partly  carboniferous.  In  the  table  the  Malerl  and  South  Rewak 
forms  are  indicated  by  a  s ;  those  from  the  Chari  and  Umla  groups  by  an  • ;  those  from  the  Panchet  beds  by  a  f, 
and  those  from  the  Bijori  and  MangU  by  a  |. 
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Lepidotus  longiceps,  Eget, 
-•^—^   pachylepis,  Eger, 
Dapedius  egertoni,  Syi. 
Tetragonolepis  anal  is,  Eger, 

^— ^  oldhami,  Eger. 

rugosus,  Eger, 

Gen*  non  det. 


PISCES  . 


3. — Productus-Limbstonb  {Permian  to  Carboniferous), 

Sigmodos  dubius,  Waag, 
Saurichthys  (P)  indicus,  De  Kon, 
Helodopsis  elongata,  Waag. 


Ganoidbi        • 
Chondroptbrygii 


— —  abbreviata,  Waag, 
Psammodus,  sp» 
Poecilodus  paradoxus,  Waag, 
Psephodus  indicus,  Waag. 
Acrodus  flemingi,  De  Kon. 

sp. 

Petalorhynchus  indicus,  Waag. 
XjTstracanthus  gracilis,  Waag, 
—————   major,  Waag. 
— — ^—  giganteus,  Waag, 
Thaumatacanthus  blanfordi,  Waag, 
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APPENDIX. 

Mastodonsaurus  from  N,  S,  Wales.-An  *  Nature '  of  December  i6th,  1886,  is  pub- 
lished  a  note  recording  the  reported  occurrence  in  the  Haukesbury  group  of  the  Gondwi- 
nas  of  New  South  Wales  of  a  Mastodonsaurus  apparently  allied  to  M.  giganteus  of  the 
European  Muschelkalk  a^d  Keuper.  This  deterniination  (which  was  made  by  comparison 
with  a  cast  of  the  Stuttgart  skull,  and  is  therefore  probably  correct)  is  of  great  interest  in 
respect  to  the  occurrence  of  an  alHed  member  of  the  genus  in  the  Denwa  group.* 

The  recent  observations  of  Mr.  Oldham '  indicate  that  the  Haukesbury  beds  are  prob- 
ably separated  by  an  unconformity  from  the  underlying  Newcastle  group,  and  that  the 
latter  is  nearly  related  in  time  with  the  Damuda  series  (Ranigunj,  Bijori,  and  Barakar 
groups).  The  presence  in  both  the  Denwa  and  Haukesbury  g^roups  of  an  allied  (or  per- 
haps identical)  species  of  Mastodonsaurus,  the  restricted  vertical  distribution  of  that  genus 
in  Europe  being  borne  in  mind,  suggests  very  strongly  the  approximate  equivalence  of 
these  groups.  The  Denwa  group  belongs  to  a  considerably  higher  horizon  than  the 
Damuda  series'  (Newcastle  group),  and^the  elevation  of  the  Haukesbury  beds  to  the  same 
approximate  level  would  accord  with  the  unconformity  between  the  latter  and  the  New- 
castle group. 

With  regard  to  the  homotaxy  of  the  I ndo- Australian  Gondwdnas  with  the  European 
succession,  it  may  be  observed  that  the  Australian  sequence  rests  on  marine  beds  correla- 
ted by  Dr.  Waagen  ^  with  the  lower  carboniferous,  and  that  the  three  groups  •  below  the 
Newcastle  consequently  correspond  to  the  upper  carboniferous ;  in  which  division,  accord- 
ing to  Mr.  Oldham's  identifications,  may  likewise  be  included  the  Indian  Talchirs  and  the 
Victorian  Bacchus  Marsh  beds.*  This  being  so,  the  Newcastie  and  Damudas  might 
correspond  to  the  permian ;  the  Panchets  (which  might  roughly  represent  the  interval 
between  the  Newcastle  '  and  Haukesbury)  to  the  lower  trias ;  and  the  Indian  Denwa  and 
Maleri  and  the  Australian  Haukesbury  and  Wianamatta  to  the  middle  and  upper  divi- 
sions of  the  latter. 

How  closely  such  an  homotaxial  sequence  corresponds  with  the  European  horizons 
indicated  by  the  Gondwdna  vertebrates  of  India  has  been  already  noticed  by  myself;'  and 
this  correspondence  is  strengthened  by  the  evidence  of  the  Haukesbury  Mastodonsaurus. 
It  is  true  that  a  certain  discrepancy  is  introduced  by  the  occurrence  in  the  latter  beds  of 
Palaoniscus  and  Myriolepis,  but  since  one  species  of  the  former  is  found  in  the  European 
upper  trias,  there  is  no  reason,  especially  when  we  recall  the  persistence  in  Australia  of 
Ceratodus,  why  the  latter  genus  should  not  also  have  survived  in  that  country  to  the  same 
epoch. 

1  Supra,  p.  68. 

•  Supra,  Vol.  XIX.  p  p.  40,  46. 

*  See  table  on  p.  loS  of  the  '  Manual  of  the  Geology  of  India.' 

♦  Supra,  Vol.  XIX.  p.  35. 

*  Ibid.  p.  40,  note. 

•  Ibtd,  p.  43. 

7  Dr.  Waagen  in  the  passage  cited  followed  Dr.  Feistmantel's  erroneous  view  of  correlating  the  Bacchus- 
Marsh  with  the  Ha'ikesbury  beds,  and  of  removing  the  Newcastle  from  the  Damudas,  which  are  regarded  as  prob- 
ably permian. 

*  Ibid.  p.  133* 
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Note  on  the  Echinoidea  of  the  Cretaceous  series  of  the  Lower  Narbadi 
Valley,  with  remarks  upon  their  Geological  age^  by  PROFESSOR  P. 
Martin  Duncan,  F.R.S.,  &c.,  November  iS86. 

m 
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Contents. — History  of  the  geological  and  palaeontological  researches  amongst  the  Cretaceous 

rocks  of  the  Big  district  —  A  criticism  of  ths  palaeontology  and  geological  results  given 

in  "  The  Geology  of  the  Lower  Narbada  Valley,  by  P.  N.  Bose,  B.Sc,  Lond.,  F.G.  S.,"  in 

Memoirs  of  the  Greological  Survey  of  India  —  Lists  of  the  Echinoidea  —  Deductions  — 

Description  of  New  Species  and  notices  of  the  forms  already  known  —  Description  of  Plate* 

In  1865  my  attention  was  directed  to  a  small  collection  of  Echinodermata,  Mol- 
lusca,  and  other  fossils  in  the  Museum  of  the  Geological  Society  of  London,  which  had 
been  presented  by  Dr.  6.  Carter,  F.R.S.  The  specimens  catne  from  strata  near  B^ 
in  the  Lower  Narbadd  Valley,  and  they  were  collected  by  Captain  Keatinge.    , 

The  existence,  of  at  least  eight  European  types  in  the  small  collection,  impressed 
me  very  much,  as  did  also  their  unmistakable  Upper  Greensand  fades.  A  corre-' 
spondence  with  Dr>.  Carter  led  to  the  examination  of  the  fossils  from  S.  £.  Arabia,  which 
had  been  collected  by  him  from  strata  which  he  considered  to  be  of  the^me  age  as 
the  Indian  beds  and  which  presented  the  same  mineralogical  cha^cters.  Tht  speci- 
mens from  S.  £.  Arabia  were  more  numerous  than  those  of  the  Bag  beds,  and 
out  of  eight  species  of  Echinodermata»  seven  were  recognised  as  European  Upper 
Greensand  forms.  The  Mollusca,  a  Brachiopod  and  a  Coral  from  Big  told  the  same 
story  of  the  persistence,  with  slight  variation,  into  the  East,  of  species'  such  as 
Salenia  scuiigera^  Pygasier  trunca/us,  Epiaster  distinctus^  AC,  Pecten  qUadricostaiuSy 
Neithia  alpina,  Rhynchonella  depressa  and  Thamnasiraa  decipiens.  The  common- 
est fossils  were  referable  to  Hemiaster  Cemomanensis,  Coti,,a!xid  Jlemias/er  simflis^ 
d'Orb.  A  communication  was  published  in  the  Quar.  Jour.  Geol.  Soc.,  1865,  Vol. 
XXI,  page  348,  dealing  with  the  collections  and  asSertttig  the  Upp^r  Greensand 
age  of  the  somewhat  widely  separated  groups  of  strata. 

In  1866' Messrs.  Blanford  and  Wynne  made  as  satisfactory  a  survey  of  the 
Lower  Valley  of  the  Narbadd  as  was  possible,  without  the  aid  of  a  perfect  geographi- 
cal map.  (Mem.  GeoL  Sur.  Ind.  VI,  paged  (207) — (219),  (294)— (30a),  also 
Blanford,  Geol.  Botobay,  Ret.  Geol.  Sur.  Itid.  Vol.  V,  pt.  3,  p.  •82.  1872.) 

The  Surveyors  stated  that  the  Cretaceous  strata  which  had  been  called  the  Big 
beds,  rested  in  one?  place  uhconformably  on  an  outKer  of  the  UpjSer  Gondwdha 
series*  and  that  there  was  asucc^essioi);  from  below  upwards,  t)f 'sandstone  and  con. 
glomerate,  20  feet.  Nodular  limestdiie, nearly  unfossiliferous,  20  f6et,  Argillaceous 
limestoneiB,  fbssiliferous,  10  feet,  and  CoralKrie  limestone'  (Brybzoah),  10  to  20  feet. 

The  beds  were  described  and  their  relation  to  the  overlying  DeccMi  trap  ex- 
plained ;  moreover  it  was  discovered  that  the  fossils  which  had  come  under  my  notice' 
had  been  obtained  from  the 'Argillaceous  limestone.'  Blanford -accepted  the  parti- 
cular geological  horizon  which  I 'considered  the'spebids  indicated. 

In  1868,  the  Upper  Greensand  hoHzdn  was  recognized  ffom  the  fossils,  v^ich' 
were*  cbiiected  by  Mr.  Holfand  ahd"subsequently'byMr.  Haiierman;  in  the  isu-ea  of 
Sinai  (Quar.  Jour.  Geol.  Soc,  Vol.-  2^,  read  December  1866,  page  38  (ftot  noticed  iii' 
the  list  of  contents)  and  Quar.  Jour.  Geol.  Soc,  Vol.  25,  page  44,  read  Deceinber  9, 
1868,  published  in  1869). 
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Two  of  the  species  of  Echinoidea  which  had  been  noticed  at  B4g  and  in  S. 
E.  Arabia  besides  many  well  known  Upper  Greensand  forms  were  found  in  one 
of  the  collections  from  Sinai,  and  in  the  second  collection  no  less  than  13  out  of  24 
species  were  recognized  as  being  members  of  the  strata  above  the  Gault  and  below 
the  horizon  of  the  White  Chalk  in  N.  Africa  (Algeria).  Eight  species  were 
found  to  be  common  to  the  Sinai  range  and  Tih  and  the  Upper  Greensands  of 
Europe. 

In  1873,  the  late  Ferd.  Stoliczka  had  his  great  work  on  the  Echinodermata 
of  the  Cretaceous  rocks  of  S.  India  published  in  the  Palsontologia  Indica, .  and 
it  became  evident  that  this  interesting  series  of  strata  did  not  contain  the  commonest 
species  of  the  Echinoidea  of  Bag  and  the  Arabian  districts.  Yet  an  Upper 
Greensiand  horizon  was  clearly  identified  in  S.  India,  from  the  facies  of  the 
Corals  and  some  of  the  moUusca,  moreover  there  were  European  Cenomanian 
species  present.  The  remarkable  fauna  of  the  three  groups  of  Cretaceous  strata  in 
S.  India  had  been  the  source  of  much  consideration  amongst  European  palaeonto- 
logists, and  there  were  hopes  expressed  that  a  further  search  for  fossils  would  be 
made  amongst  the  Cretaceous  rocks  of  the  Narbadi  Valley,  so  as  to  obtain  the 
requisite  data  for  a  better  comparison  of  the  distant  strata. 

Stoliczka  considered  that  the  strata  in  S.  India  represented  the  European 
Cenomanian,  Turonian  and  Senonian,  to  the  top  of  the  White  Chalk.-  The  Am- 
monites of  the  lower  divisions  gave  a  Gault  facies,  but  Stoliczka  noticed  that  the 
species  which  gave  the  facies  had  a  great  vertical  distribution  in  Europe  and  were 
found  in  both  Gault  and  Cenomanian. 

In  1880,  Mr.  P.  N.  Bose,  B.Sc,  Lond.,  F.G.S.,  of  the  Indian  Geological  Survey, 
was  ordered  to  proceed  to  the  Lower  Narbadd  Valley  and  to  pay  during  his  survey 
special  attention  to  the  fossiliferous  strata  and  igneous  rocks.  Mr.  Bose  had  the 
advantage  of  an  excellent  geographical  map,  and  the  results  of  his  survey  were  pub- 
lished in  the  Memoirs  of  the  Geological  Survey  of  India,  Vol.  xxi,  pt  I.   1884. 

Mr.  Bose  writes  with  great  modesty,  not  unflavoured  with  some  critical  sharp- 
ness, when  dealing  with  his  predecessors  in  the  stratigraphical  part  of  his  work,  and 
he  also  most  straightforwardly  asserts  his  shortcomings  as  a  palaeontologist.  He 
states  that  his  determinations  of  species  were  ''  roughly  done,"  and  that  he  availed 
himself  of  the  assistance  of  the  most  careful  palaeobotanist  Herr  Feistmantel. 

The  lists  of  species  published  by  Mr.  Bose  are  those  of  the  specimens  which  he 
collected ;  he  did  not  avail  himself  of  the  collection  made,  years  before,  by  Keatinge 
and  which  is  in  the  Museum  at  Calcutta,  nor  did  he  include  the  species  which  had 
been  described  by  me  in  the  communication  already  noticed.  But  in  the  lists  it 
will  be  noticed  that  Mr.  Bose  places  certain  forms  **  taken  on  the  authority  of  Dr. 
Duncan's  identification."  This  is  hardly  correct,  for  I  did  not  see  Mr.  Bose's  col- 
lection, neither  did  I  identify  any  species  for  him.  I  identified  the  species  he 
names  in  the  collection  of  the  Geological  Society,  but  that  is  quite  another  matter. 

The  succession  of  strata  belonging  to  the  Cretaceous  formation  in  the  Lower 
Narbadd  area  is  according  to  Mr.  Bose,  at  the  bottom — 

1.  A  sandstone,  "The  Nimar,"  conglomeratic  at  the  base  and  fine-grained  at 
the  top  except  where  in  places  an  oyster  bed  is  found. 

2,  Nodular-limestone. 
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3.  The  cakareous  marl,  of  Deola  and  Chir^khin. 

4.  Coralline-limestone  (Bryozoan). 

5.  Lametas  (fresh-water). 

He  confirms  Blanford  and  Wynne's  survey  in  reference  to  the  conformity  of  the 
whole  of  the  marine  beds,  and  states,  as  they  did,  that  the  Lameta  freshwater  beds 
itHIt  on  the  erod^  surfaces  of  the  underlying  Cretaceous  strata,  and  that  Ae  Deccan 
and  Malwa  Trap  covers  the  Lametas  and  the  eroded  Cretaceous  strata. 

Mr.  Bose  found  an  Oyster  bed  on  the  top  of  the  sandstone  (page  33),  and 
states  that  it  was  about  a  foot  in  thickness ;  it  rests  quite  conformably  upon  some 
horizontal,  extremely  coarse  grit  stones  of  insignificant  thickness  and  passes  above, 
equally  without  break,  into  the  lowest  beds  of  the  Upper  Cretaceous  limestone  series 
(liodular  limestone).  "  The  species  is  near,  so  far  as  I  can  make  out,  to  Ostraa 
Leymcrii^  aft  European  Neocomian  form."  Now  it  is  evident  that  this  doubtful 
Ostraea  is  not  restricted  to  the  lower  straU,  for  (page  33)  it  is  stated : — *•  At  Ghdtii  the 
oyster  bed  passes  under  flesh  coloured  limestones  with  Bryozoa  and  bivalves  else- 
where met  with  in  the  nodular  limestone,  as  well  as  with  diminutive  forms  of  the 
Ostraea  just  described  [?  mentioned]  in  much  diminished  numbers." 

Mr.  Bose  proceeds  (page  34):—"  It  may  seem  ridiculous  to  attempt  to  fix  the  age 
of  a  deposit,  with  any  approach  to  precision,  on  the  approximate  identification  of  only 
one  fossil  and  that,  too,  merely  an  oyster.  But  this  bivalve  is  a  very  characteristic 
fossil  of  the  deposits  under  consideration,  and  if  it  passes  up  to  the  overlying  lime- 
stone, it  does'  so  in  considerably  diminished  numbers,  and  as  a  rule  in  diminutive 
forms  and  dies  out  in  the  course  of  deposition."  On  page  34  it  is  further  stated — "  Now 
the  nodular  limestone,  which  contains  a  well  defined  marine  fauna,  will  be  shown  in 
the  next  chapter  to  be  on  the  horizon  of  the  Gault  or  Albian  of  the  European  Creta- 
ceous system.  We  may,  therefore,  ascribe  the  oyster-bearing  beds,  not  without  some 
show  of  probability,  to  a  lower  (neocomian)  horizon.  The  oyster  being  closely 
allied  to  an  European  neocomian  form  adds  strength  to  the  supposition." 

These  extracts  require  no  comment  from  a  palaeontologist  except  the  suggestion 
that  it  is  a  pity  that  Mr.  Bose  did  not  understand  the  meaning  of  "  a  characteristic 
species,"  and  that  he  did  lean  upon  such  an  infirm  support  as  an  Oyster  of  doubtful 
identity.  Unfortunately  Mr.  Bose  states  further  on  in  his  memoir  that  the  age  of 
the  underlying  sandstone  is  unsettled. 

The  Nodular-hmestone  is  stated  to  be  of  Gault  age  and  the  list  of  species  is 
given  (page  37).  No  fossils  of  this  zone  had  been  examined  by  any  one  before  Mr. 
Bose  made  his  interesting  collection.  The  fossils  of  the  Deola  and  Chirikhdn  marl, 
which  rests  conformably  upon  the  Nodular-limestone,  which  also  is  often,  according 
to  Mr.  Bose,  marly  in  its  nature,  are  numerous,  and  there  are  29  forms  which  Mr. 
Bose  has  distinguished  generically  and  in  some  instances  specifically.  He  assigns 
the  horizon  of  the  fauna  to  the  Cenomanian  ''  or  "  to  use  his  expression  "  at  about 
the  same  horizon,''  the  Turonian  being  included. 

The  Coralline-limestone  is  said  to  rest  conformably  on  the  Marl,  and  Mr.  Bose 
notices  six  forms,  two  of  which  he  names  generically,  Ostraea  and  Rhynchonella, 
and  the  others  he  gives  specific  names  to.  This  limestone  is  placed  by  Mr.  Bose 
on  the  horizon  of  the  Senonian,  and  as  he  compares  it  with  the  Arridlur  series  of  S. 
India,  it  must  be  placed  high  up  in  the  Upper  Cretaceous  series. 

D 
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In  a  recapitulation  and  statement  of  general  results  (page  48),  Mr.  Bose  tabulates 
his  succession  of  deposits,  and  modifies  his  former  statements  slightly.  The  Nodular 
limestone  is  now  placed  in  an  Albian  and  partly  Cenomanian  series;  the  Marl  is 
partly  Cenomanian  and  partly  Turonian  and  the  Coralline  is  Senonian.  He  places 
the  Lametas  with  the  Corallines  in  the  Senonian. 

It  will  be  observed  that  Mr.  Bose  considers  that  the  Neocomian  is  present  at  the 
bottom  of  a  conformable  limestone  series,  which  has  about  80  feet  of  vertical  mea- 
surement at  the  greatest,  and  probably  much  less,  and  which  may  be  sub-divided  into 
Albian,  Cenomanian,  and  Senonian  and  that  all  the  S.  Indian  Cretaceous  strata 
are  represented  in  Narbadi  area. 

It  is  also  evident  that  Mr.  Bose  agrees  in  the  main  with  me  about  the  age  of  the 
Deola  and  ChiKkhin  Marl.  One  of  his  remarks,  however,  requires  notice.  It  is 
stated  (page  48) — "  These  conclusions  would  appear  to  be  at  variance  with  that  sug- 
gested by  Keatinge,  worked  out  by  Duncan  and  accepted  by  Blanford,  t^is.,  that  the  Big 
rocks  (in  the  widest  and  hitherto  accepted  sense  of  ihe  expression)  are  assignable  to 
about  the  same  horizon  as  the  Upper  Greensand,  and  must  in  consequence,  as 
remarks  Mr.  Blanford,  closely  correspond  to  the  Utitur  group  of  S.  India.  But 
considering  theU  the  data  upon  which  this  inference  was  based  were  still  more  in- 
sufficient than  those  collated  in  this  report,  it  in  reality  rather  tends  to  corroborate 
than  otherwise  the  homotaxy  indicated  here."  The  last  part  of  the  paragnq)h  is 
incomprehensible,  and  it  was  with  some  regret  that  I  read  Mr.  Bose's  acknowledg- 
ment of  the  insufficiency  of  the  palaeontological  data  upon  which  he  based  his 
stratigraphical  succession  of  the  whole  Cretaceous  formation  in  the  N.  W.  of  the 
Peninsula. 

It  is. clear  that  the  fossils  named  by  myself  came  from  one  part  of  the  Cretaceous 
series,  and  it  will  be  found  that  I  did  not  include  any  other  strata  in  the  Upper 
Greensand  horizon  except  those  which  yielded  the  forms  which  in  my  opinion  were 
sufficient  to  stamp  the  horizon.  I  referred  to  the  necessity  for  Captain  Keatinge 
being  held  responsible  for  the  stratigraphical  position  of  the  fossils  I  named,  and  as 
I  found  Bemiaster  Cenomanensis,  Cott.,  H,  simtlis,  d'Orb.,  Aucleoii/es  simtlis,  Desor, 
and  Echinobrissus  subquadratus,  d'Orb.,  sp.,  besides  Neithea  alpina^  d'Orb.,  Pecten 
quadricosiafus.  Sow.,  Rhynchonella  depressa^  Sow.,  and  Thomnastrcsa  decipiens,  Mich, 
sp.,  air  species,  except  one,  found  only  in  the  Cretaceous  series  of  Europe  between 
the  Gault  and  the  Chalk  within  Flints  in  Europe  I  had  no  hesitation  in  generalizing. 
The  general  Upper  Greensand  age  was,  therefore,  determined  with  the  aid  of 
sufficient  data,  and  it  referred  to  the  strata  out  of  which  the  fossils  came  and  to  no 
others  as  Mr.  Bose  would  infer.  I  had  no  fossils  from  the  Nodular-limestone  nor 
from  the  Coralline  beds. 

Having  studied  Mr.  Bose's  memoir,  and  having  failed  to  agree  with  his  deduc- 
tions, from  the  species  which  he  had  named,  regarding  the  ages  of  the  Bdg  series,  I 
applied  to  the  Director  of  the  Geological  Survey  of  India,  H.  B.  Medlicott,  Esq., 
F.R.S.,  for  the  loan  of  all  the  Echinoidea  which  he  could  get  me  from  the  Bdg  dis- 
trict, including  Mr.  Bose's  collection  and  named  specimens.  My  request  was 
granted,  and  I  have  received  the  fossils  and  in  addition  a  collection  made  by 
Mr.  Blanford  and  the  original  specimens  which  were  collected  so  many  years  since 
by  Captain  Keatinge  from  the  Marl. 
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The  following  is  a  list  of  the  species  which  I  have  determined  and  the  particular 
group  of  strata  from  which  each  was  derived  : — 

NAME.  GROUP  OF  STRATA.  FOREIGN  SERIES. 

I.  Cidarts  NamadieuSf  sp.  nov.         Deola  and  Chirdkhin  Marl  *) 

and  Corallines.  j      

3*  Salenia  Fraasi,  Cott.  Deola  and  Chiriikh^n  Marl      Lebanon,  Cefiomanian. 

3.  Cyphosoma  Cenomanensis,  Deola  and  Chirikhdn  Marl ")  p..^^ ^  r'-«-.«^««:--. 

Cott.  and  Corallines.  j  Europe  Cenomanian. 

4.  Oihopsis  Indicus,  sp.  nov.  Deola  and  Chirdkhin  Marl  

5.  Sehinobrissus  Goybeii^     Cott.       Deola  and  ChiriUchdn  Marl     Lebanon,  Cenonnanian. 

6.  Nueleolites  similise  var.  d*Orb«     Deola  and  Chirdkhdn  Marl,  Vr-ui  «'*'^  %m^  i  ir..-««^ 

Corallines.  j  Chlontic  Marl,  Europe. 

7.  ffemiaster  Cenomanensis^  Cott.    Nodular    linr.estone,  Deola  ^ 

and    ChirdkhAn     Marl,  >  Europe,  Cenomanian. 
Corallines.  ) 

8.  ffemiaster  similiSf  d'Orb.  Nodular    limestone,   Deola  "^ 

and    Chirdkhdn     Marl,  >  Europe,  Cenomanian. 
and  Corallines.  j 

The  two  species  of  Hemiaster  are  the  commonest  fossils,  and  any  number  of  them 
maybe  examined  from  each  of  the  three  divisions  of  the  Big  beds.  They  are  Ceno- 
manian forms  in  Europe.  This  persistence  of  common  species  throughout  the  three 
groups  of  beds,  to  each  of  which  Mr.  Bose  has  given  a  different  horizon,  renders  the 
possibili^  of  there  being  an  Albian,  a  Cenomanian,  and  a  Senonian  at  Big  very 
doubtful,  and  the  following  table  of  the  distribution  of  the  Echinoidea  in  the  strata  of 
the  B^  area  will  add  to  the  impossibility  of  crediting  the  presence  of  the  whole 
Middle  and  Upper  Cretaceous  series  in  the  same  locality : — 

NAME.  .        NOD.-LIMESTONB.       MARL.  CORALLINE. 

Cidaris  Namadicus,  sp.  nov.  o 

Salenia  Fraasi,  Cott.  o  ...  o 

Cyphosoma  Cenomanense,  Cott.  o 

Orthopsis  Indicus,  sp.  nov.  o  ...  o 

Sehinobrissus  Goybeti,  Cott.  o  ...  o 

Nncleolites  similis,  d'Orb.  var.  o 
Hemiaster  Cenomanensis,  Cott. 
Hemiaster  similis,  d'Orb. 


••• 


There  are  no  Albian  forms  in  this  list,  nor  are  there  any  Senonian  species,  and  it 
is  perfectly  evident  from  the  evidence  afforded  by  the  Echinoidea,  that  the  strata  which 
yielded  specimens  to  Captain  Keatinge,  and  which  were  described  in  1865,  ^^^^  ^^ 
considered  to  be  on  the  European  Cenomanian  horizon  and  on  that  which  stretches 
through  S.  E.  Arabia,  Sinai,  the  Lebanon,  and  Algeria  into  Europe. 

The  study  of  the  Echinoidea  contradicts  Mr.  Bose's  statements. 

It  will  be  noticed  that  in  the  lists  of  species  three  of  those  included  in  Mr.  Bose's 
lists  are  wanting.  Having  examined  the  specimen  which  he  attributed  to  Cidaris 
Cenomanensis,  Cott.,  I  find  specific  differences  and  a  very  remarkable  one  in  the 
ornamentation  of  the  test  beyond  the  scrobicules  of  the  primary  tubercles,  moreover 
the  scrobicular  margins  are  also  not  those  of  the  European  form.  I  consider,  however^ 
that  Mr.  Bose  was  justified  in  giving  the  name  he  did  as  he  states  ''roughly/'  for  the 
general  shape  and  the  nature  of  the  ambulacra  w^ald  lead  anybody  to  place  the 
species  near  to  the  French  form.    The  species  of  Orthopsis  was  considered  by 
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Mr.  Bose  to  be  the  same  as  that  described  by  Stoliczka  from  the  ArrUlor  deposits  of 
Southern  India ;  but  there  are  specific  distinctions,  and  a  new  species  has  to  be 
diagnosed.  The  third  species  is  Echinobrissus  sub-quadrat  us.  Thanks  to  M.  Cot- 
teau,  a  species  has  been  described  in  which  there  are  the  remarkable  petaloid 
ambulacra  which  made  me  hesitate  years  since  in  placing  the  Big  form  in  the 
Neocomian  E,  sub-guadra/us. 

On  carefully  re-studying  the  collection  of  the  Echinoidea  given  by  Dr.  Carter  to  the 
Geological  Society  and  which  was  described  in  1865, 1  find  it  only  necessary  to  replace 
Echinobrissus  sub-guadra/us  by  Echinobrissus  Goybeti,  Cott.  There  is  no  reason 
for  interfering  with  the  determinations  made  of  the  mollusca,  brachiopod,  and  coral ; 
they  are  all  Upper  Greensand  forms,  but  it  must  be  understood  that  they  came  from 
the  Deola  and  Chirdkhdn  Marl. 

In  conclusion  it  is  absolutely  necessary  to  remark  upon  the  palaeontological 
proofs  offered  by  Mr.  Bose  that  the  Coralline  limestone  and  the  Nodular  limestone, 
the  upper  and  lower  beds  in  a  conformable  series,  are  on  the  Senonian  and  Albian 
horizons  respectively. 

The  following  are  forms  from  the  Coralline  according  to  Mr.  Bose,  Ostraa  ^., 
Rhynchonella  plicaiiloides,  Stol.,  Rhynchonella  sp.,  Ceriopora  dispar^  HtmiasUr 
similiSf  and  H,  Cenomanensis.    Mr.  Bose  remarks  as  follows  (pp.  43-44) : 

''This  number  is  perhaps  too  small  to  reason  upon.  But  the  disappearance 
of  all  the  most  characteristic  forms  of  the  underlying  beds  ha^  tp  be  noted ;  and 
the  special  prominence  and  abundance  of  forms  which  had  occupied  a  very 
subordinate  position  in  the  fauna  of  the  latter,  indicate  considerable  changes  of 
physical  conditions,  and  consequently  a  proportionate  lapse  of  time.  The  remark- 
able change  in  the  mineral  character  also  proves  a  corresponding  alteration  in  the 
configuration  of  the  cretaceous  seas  and  therefore  in  the  physical  geography  of  the 
country  from  which  the  rivers  derived  their  sediment.  On  these  considerations, 
and  on  the  strength  of  the  fact  that  two  of  the  most  characteristic  forms  occur  in 
the  Arriilur  division  of  the  South  Indian  cretaceous  series,  Ifam  inclined  to  cor- 
relate  the  Coralline  limestone,  of  course  roughly,  with  the  latter." 

Divested  of  useless  matter  the  palaeontology  of  the  Coralline  so  far  as  it  is  known 
to  Mr.  Bose  relates  to  four  species,  three  of  which  are  common  in  the  underlying 
Deola  and  Chirakhan  Marl,  and  the  fourth,  less  commonly  found,  is  the  RhynchoneU 
la  plicatihidesj  Stol.  Two  of  the  species  occur  £^lso  in  the  Nodular  limestone. 
So  there  is  no  special  abundance  of  forms  which  had  occupied  a  subordinate 
position,  and  indeed  the  two  Hemiasters  are  the  most  prominent  of  the  species  of 
the  underlying  strata  III  Which  are  the  two  characteristic  forms  of  the  Coralline  lime- 
stone it  is  impossible  to  state,  for  none  of  the  species  given  by  Mr.  Bose  are  charac- 
teristic ol  the  beds,  the  whole  of  the  named  species  being  found  in  underlying  strata. 
He  states  however  that  the  two  occur  in  the  Arridlur  strata  of  Southern  India,  so  by 
a  process  of  elimination  it  may  be  possible  to  understand  which  species  are  meant. 
The  two  Hemiasters  are  not  found  in  Southern  India  and  that  leaves  Rhynchonella 
plicatiloideSf  Stol.,  and  Ceriopora  dispar,  StoL  Now  the  first  mentioned  is  more 
common  in  the  South  Indian  series  which  underlies  the  Arrialur  beds,  than  in  the 
ArriSlurs  themselves;  so  the  form  is  not  characteristic  of  the  Arrialur.  The  Bryo- 
zoon  is  found  in  the  Arridilurbeds  of  Southern  India  and  in  no  others  there ;  but  it  is 
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Bol  characteristic  of  the  CoralHne  limestone,  for  it  is  in  Mr.  Bose's  list  of  both  of  the 
underlying  strata,  and  in  fact  it  passes  up  from  the  Nodular  limestone  through 
the  Marl  into  the  Coralline  limestone.  After  these  considerations  Mr.  Bose's 
correlation  must  be  regarded  as  too  rough  to  be  true.  No  sufficient  evidence  has 
been  offered  which  will  place  the  CoralHne  limestone  on  the  Arriilur  horizon. 

With  regard  to  the  palaeontology  of  the  Nodular  limestone,  the  supposed  Albian : 
it  is  stated  (Bose  op.  nV.  p.  39)  that  the  majcuity  of  the  characteristic  forms  occur 
on  the  horizon  of  the  **  J&tage  Albien  (Gault)"  and  ''  that  therefore  there  need  be 
little  hesitation  in  considering  the  Nodular  limestone  homotaxial  with  it,  as  well  as 
with  the  lowest  group  of  the  South  Indian  Cretaceous  series,  the  Utiturs." 

Firstly,  the  Ut^tur  strata,  so  splendidly  considered  palseontologically  by  StoHczka, 
are  not  of  the  Albian  or  Gault  age. 

Secondly,  on  studying  Mr.  Bose's  list  of  species  it  appears  that  the  solitary 
Amnipnite  is  elsewhere  found  in  a  higher  cretaceous  horizon  than  the  Gault ;  and  that 
th^  three  Gsisteropoda  specifically  determined,  all  belong  to  higher  horizons  than  the 
Utitur  in  Southern  India.  The  Bryozoon  is  said  to  be  the  same  which  is  found  in  the 
htghesf2Lnd  not  in  the  lowes/  of  the  Southern  Indian  series.  The  two  Hemiasters  are 
Cenomanian  in  Europe  and  are  found  throughout  the  Big  beds.  The  Lamelli- 
branchiata  are,  according  to  Mr.  Bose's  rough  determination,  very  remarkable.  The 
Neocomian  Ostraea  O.  Leymerii^  is  there,  with  Inoceramus  concentricusy  of  whose 
Upper  Greensand  as  well  as  Gault  horizon  Mr.  Bose  was  not  acquainted.  Cardium 
alium,  Forbes,  is  an  Ut4tur  shell,  but  it  occurs  in  the  Marl  above  the  Nodular 
limestone  also.  Inoceramus  Coquandianus,  d'Orb.,  is  the  only  Gault  form.  Three 
other  species  which  will  require  more  than  simple  rough  determination  before  their 
presence  is  credited  are  said  to  be  Neocomian. 

All  the  reliable  evidence  is  in  favour  of  the  Nodular  limestone  being  above  the 
Gault  and  belonging  to  the  Upper  Greensand  horizon. 

Conclusions, — ^The  same  species  of  Echinoidea  are  common  in  the  three  divir 
sions  of  the  Cretaceous  series  in  the  Lower  Narbada  Valley,  the  sandstone  being 
admitted  by  Mr.  Bose  to  be  of  doubtful  age  is.  not  included  in  this  statement.  The 
species  thus  persistent  and  four  others  which  have  a  more  limited  vertical  distribu- 
tion are  found  in  strata  above  the  Gault  and  below  the  Senonian  in  Palestine  and 
Europe.  The  three  divisions  of  the  Cretaceous  series  are  conformable  in  their 
stratification.  According  to  the  elementary  laws  of  Geology,  strata  which  have 
species  in  common  and  are  conformable  were  deposited  during  the  continuance  of 
one  aspect  of  nature  and  belcHig  therefore  to  a  geological  age,  and  not  to  more  than 
one. 

The  Nodular  and  Marly  and  Coralline  limestones  are,  therefore,  deposits  which 
accumulated  during  the  Cenomanian  ag;e,  that  term  being  in  a  general  sense  the 
same  as  the  Uf^er  Greensand. 

Description  of  and  remarks  on  the  Species. 

I.  Cidaris  Namadicus,  sp.  nov.  Figs.  1-5. 

The  test  is  large,  high,  with  the  equatorial  diameter  greater  than  the  polar. 

Ambulacra  narrow,  wavy,  with  deep  and  wide  poriferous  zones  and  a  projecting^ 

flat-topped  interporiferous  area  furnished  with  four  close  vertical  rows  of  distinct 
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flattish  granules.  Pores,  elliptical  separated  by  a  slight  ridge  and  tberefore  non- 
conjugate,  pairs  numerous,  close,  separated  bj  a  narrow  costa  with  a  deUcate  linear 
ridge  as  the  ornament.  Twenty-five  pairs  of  pores  opposite  the  scrobicule  of  the 
largest  interradial  primary  tubercle.  Interradia  wide,  with  a  well  marked  median 
area,  becoming  deep  at  the  junction  of  the  median  and  lateral  sutures ;  eight  or  nine 
primary  tubercles  in  vertical  series  in  each.  Primaries  with  projecting  but  somewhat 
depressed  perforated  mamelons,  rather  tall,  sloping,  wide  bosses,  without  crenula- 
tion,  sunken  externally,  either  circular  in  outline  or  slightly  elliptical ;  scrobicular 
margin  as  a  raised  ring  of  large  secondaries  rather  wide  apart  and  having  a  broad 
flat  base  on  which  is  placed  an  irregularly  shaped  boss  with  a  small  mamelon ; 
smaller  secondary  tubercles  or  very  large  granules,  placqd  between  the  larger  secon- 
daries and  slightly  external  to  them.  Scrobicular  rings  (abactinally)  separate,  with 
some  slope  beyond  them,  but  close  together  or  running  one  into  the  other  nearer 
the  ambitus  and  actinally;  scrobicules  always  distinct.  Slope  beyond  the  scrobi- 
cnles  covered  with  large,  irregularly  placed,  warty  granules,  rather  flat,  close, 
varying  in  size  and  with  a  few  small  ones  near  the  sutural  lines.  The  scrobicular 
rings  come  close  to  the  poriferous  zones,  without  any  granular  area. 

Height,  45  mm.        Equatorial  diameter,  50  mm. 

M       43    )>  „  60    „ 

i»       35    »  *•  40    „ 

t9       30    It  »»  38    n 

Distribution. — Coralline  Limestone  Bowilria,  Kherwan. 

„  „         Chirikhdn. 

Argillaceous  limestone,  Chirikhin. 

Description  of  the  figurea.-i.  Part  of  a  test,  natural  sixe. 

a.  Part  of  an  ambulacrum,  magnified. 

3.  A  coronal  plate  with  the  primary  tubercle,  magnified. 

This  is  a  very  fine  species  and  may  be  knonin,  at  once,  by  the  size  of  the  high 
test,  the  wavy  ambulacra  with  four  rows  of  granules,  the  ridge-like  linear  ornament 
of  the  costae,  the  close  and  huge  scrobicular  rings,  the  deeply  seated  median  sutures 
and  the  large  coarse  irregular  granulation  of  the  slopes.  It  is  unlike  any  European 
cretaceous  form,  but  has  some  afl^ities  with  Ctdaris  Cenomanensis,  Cott.,  but  this 
has  fewer  primaries,  wider  slopes  beyond  the  scrobicules  and  a  deUcate  granulation. 

2.  Orthopsis  indicus  sp.  nov.    Figs.  4 — 8. 

Test  small,  depressed,  broader  than  high,  flattish  actinally,  tumid  at  the  ambitus^ 
slightly  convex  abactinally.  Ambitus  circular.  Apical  system  with  five  unequal, 
largely  perforated  basals  which  extend  beyond  the  radials.  •  Periproctal  edge  slightly 
raised.  Radial  plates  small,  narrow  and  unequal,  and  two  or  three  enter  the  peri- 
proctal ring  but  no  more.  Periproct  slightly  and  unequally  ovoid,  with  its  greatest 
diameter  obliquely  from  radial  plate  II  to  basal  4.  A  few  large  granules  are  on  the 
basals.  Ambulacra  narrow,  breadth  to  that  of  interradia,  i :  3*5.  Pairs  of  pores  in 
straight,  simple  series,  numerous,  close,  often  oblique ;  pores  large,  peripodia  low 
with  a  median  knob-like  ridge.  Plates  primaries  alone,  near  the  apex;  low  and 
broad  compound  plates  near  the  ambitus,  composed  of  three  low  primaries  united 
by  straight  sutures.    (Fig.  6a.) 
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Nearer  the  apex  a  low  simple  primary,  carrying  from  one  to  three  granules, 
separates  the  primary  tubercle-bearing  compound  plates,  which  are  composed  there 
of  two  united  primaries  (Fig.  6b.).  Primary  tubercles  of  the  ambulacra  very  small, 
xramerouSt  perforate,  increasing  in  size  from  the  apex  to  the  peristome,  in  two  vertical 
rows,  placed  close  to  the  pairs  of  pores.  Granules  few  and  mostly  between  consecu- 
primaries.  Small  secondary  tubercles  near  the  ambitus  in  the  median  area. 
Interradia  broad,  with  rather  high  coronal  plates ;  with  two  principal  vertical 
0W8  of  primary  tubercles,  less  numerous  than  in  the  ambulacra,  larger  than  those  of 
ambulacra  but  otherwise  similar,  these  extend  from  peristome  to  apex  and  are 
lose  to  the  middle  of  the  plates  near  the  ambitus.  Near  the  apex  the  rows  ap- 
roach  the  poriferous  zones.  A  second  row  of  smaller  primaries  is  on  the  ambula- 
1  side  of  the  rows  just  mentioned  and  the  tubercles  are  close  to  the  poriferous 
ones;  these  two  rows,  in  each  interradium,  do  not  reach  much  above  the  ambitus. 
wo  other  vertical  rows  of  primary  tubercles  are  close  to  the  median  suture  and  they 
as  large  as  the  others  and  reach  to  the  ambitus.  Thus  there  are  four  vertical 
ows  of  primaries  and  two  reach  the  apex  in  each  interradium.  A  few  large  granules 
e  upon  the  plates  and  are  distant. 

Height,  10  mm.,  breadth  19  mm.    Distribution : — Argillaceous  limestone. 
Figure  4,  the  test,  natural  size. 

„      5,  part  of  the  apical  system,  magnified. 

„      6,  part  of  an  ambulacrum,  magnified. 

„      7,  coronal  plate  near  the  ambitus,  magnified. 

„      8,  a  coronal  plate  near  the  apex,  magnified. 

There  is  only  one  specimen  of  this  interesting  species  in  the  collection,  and  the 

other  forms  which  were  associated  with  it  belong  to  the  species  next  to  be 

oticed. 

Stoliczka  described  and  figured  Orihopsis  simtlis,  Stol.,  from  the  Arridlur  group 

the  Cretaceous  of  Southern  India  (Pal.  Ind.,  Cret.  Faun.  S.  India,  Vol.  IV* 

116,  pi.  VII.  1873),  and  the  new  species  is  closely  allied.     The  differences 

the  construction  of  the  ambulacra  can  be  appreciated  by  examining  Stoliczka's 

g.  3  d  and  that  which  refers  to  the  ambulacra  of  the  new  species  (our  fig.  6). 

ere  is  not  that  difference  in  the  size  of  the  tubercles  of  the  rows  of  the  interradia 

hich  is  seen  in  0.  similts,  to  be  observed  in  0.  Indicus,  and  the  median  rows 

ztend  much  nearer  the  apex  in  0.  similis  than  in  0.  Indicus. 

The  whole  of  the  radial  plates  do  not  enter  the  periproctal  ring  in  0.  Indi- 

,  although  they  all  do  so  in  0,  similis.    The  shape  of  the  tests  differs,  and 

pparently  the  relative  number  of  coronal  interradial  and  ambulacral  plates  is 

ot  the  same  in  the  two  forms.    Finally  the  ornamentation  of  the  Bag  species  is 

uch  more  delicate  than  that  of  the  other  form.    The  most  important  distinctions 

late  to  the  radial  plates  and  the  construction  of  the  ambulacral  plates. 

•  Cyphosoma  Cenomanense,  Cott.,  1859:  Ech.  de  la  Sarthe,  p.  150,  pi.  XXVI, 

figs.  13-16. 

There  are  several  specimens  of  this  Echinoderm  and  most  of  them  were  collect- 
ed by  Captain  Keatinge  and  are  on  tablets  in  the  Calcutta  Museum,  but  Mr. 
^filanford  and  Mr.  Bose  collected  some  others. 
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Distribution.— Coralline  limiestone,  Bowirla,  Kherwnn,  smd  S.  of  Rahtrda.  Mr. 
Blanford  collected  near  Dussai  15  miles  W.  of  Mandoo.  Captain  Keadnge's 
specimens  came  from  the  Argillaceous  limestone. 

The  resemblance  of  the  specimens  from  the  Big  series  to  the  type,  which  has 
been  illustrated  by  Cotteau  with  his  usual  care,  is  in  some  instances  exact  and  In 
the  others  there  is  slight  and  unimportant  variation.  The  numerous  vertical  rows  of 
primary  tubercles  at  and  below  the  ambitus,  six  in  each  interradium^  and  the  bare 
median  space  abactinally,  with  slight  sutural  markings,  readily  distinguish  the  spe- 
cies. In  one  specimen  the  construction  of  the  ambulacral  plates  can  be  seen,  and 
in  the  compound  plates  forming  the  greater  part  of  the  areas  there  are  either  four 
or  five  components  which  are  arranged  in  the  manner  usual  to  Cypbosoma.  (Ihui* 
can,  Quar.  Jotir.  Geol.  Soc,  1885,  page  449>  fig-  >3*)  The  aboral  component 
is  a  large  primary  with  the  adoral  suture  curved  with  the  convexity  adorally  direct- 
ed. The  next  plate  is  a  demi,  and  is  shut  out  from  the  rest  of  the  geometrically 
formed  compound  plate  beyond  the  primary  tubercle  towards  the  median  suture* 
The  third  plate  is  also  a  demi-plate;  but  the  fourth  is  a  low  plate  near  the  peripo- 
dium  and  expands  towards  the  median  line,  the  greater  part  of  the  tubercle  being 
upon  it.  and  a  considerable  portion  of  the  tnedian  suture  being  comprised  iki  it. 
The  next  or  lowest  .plate  is  a  primary  with  the  aboral  suttire  convex  aborally^*  or  the 
reverse  of  what  is  seen  in  the  upper  primary  plate. 

4.  Salenia  Fraasi,  Cotteau,  1885 :  £ch.  nouv.  ou  peu  connus,  ser:  a,  ffi.  4  (Bull. 

Soc.  Zool,  de  France)  p.  59.  PI.  VIII,  figs.  1-5. 

Syn.  Salenia  peiali/era^  Fraas  (non  Agassiz)  :  Aus  dem  Orient :  Geol.  Beobsteht. 
am  Lebanon,  1878,  p.  31. 

There  are  three  specimens  of  this  interesting  species  in  the  collection  made 
by  Captain  Keatinge,  in  the  Indian  Museum  at  Calcutta,  and  it  is  cenainly  some- 
what remarkable  that  they  should  have  escaped  Mr.  Bose's  notice  in  dealing  with 
the  palaeontology  of  the  region  which  he  surveyed.  One  of  the  specimens  is  so  well 
preserved  that  the  specific  characters  can  be  determined  readily.  The  narrow  am- 
bulacra with  the  two  close  vertical  rows  of  primaries,  and  the  arrangement  of  the 
interradial  primaries,  and  secondaries,  assimilate  the  form  with  Salenia  scuiigera^ 
Agassiz,  and  the  nature  of  the  ornamentation  of  the  apical  system  places  it  within 
Cotteau's  Lebanon  species  which  he  very  properiy  states  is  closely  allied  to  S^ 
stutigera,  Salenia  scutigera  is  found  on  the  same  horizon  as  Salenia  Fraasi  in 
the  Lebanon.  The  locality  of  Salenia  Fraasi  is  in  the  Argillaceous^  limestone' 
Chirdkhdn. 

Salenia  Arcotensis,  Stol.,  is  unfortunately  a  young  specimen  and  yet  the  alliance  to 
Salenia  Fraasi  is  evident,  for  both  have  the  close  vertical  rows  of  primaries  in  the 
ambulacra ;  but  the  species  are  distinct. 

5   Echinobrissus  Goybeti,  Cotteau,  1885,  op,  cii,,  page  60,  Pi.  VlII,  figs.  6-10. 

*  A  large  form  of  this  well  marked  Echinobrissus  is  in  the  Chirdkhdn  Marl  and 
the  details  of  the  ambulacra  enable  it  to  be  associated  with  the  species  described 
fr^m  the  Lebanon  Cenomanian  by  Cotteau.    The  very  distinctly  petaloid  nature  of 


ft 
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the  anterior    margin  decidedly  and  the  slightly  flexuous  antero-lateral  ambula- 
cra.   The  fasciole  is  broad  and  resembles  that  of  the  type. 

Hemiasier  Cenomamnsis,  Cott.,  has  been  found  in  the  Coralline  limestone,  Bow- 
drla,  Kherwan,  and  other  localities ;  in  the  Marl  at  Chirikh^n  and  in  the  Nodular 
white  limestone  at  south  of  Raherda,  on  the  Uri,  and  Jog£u:di,  6  miles  southwest  of 
Big.  Mr.  Blanford  collected  numbers  from  near  Dussai,  15  miles  west  of  Mandoo 
and  in  the  Coralline  limestone,  Chirakhin. 

8.  Hemiaster  similis,  d'Orb,  1854.    Pal.  Franc,  terr.  cret.,  t.  VI,  p.  229,  and  Cotteau 

et  Triger  Ech.  de  la  Sarthe,  p.  212,  pi.  XXXV. 

This  species  was  noticed  as  a  variety,  in  the  collection  of  the  Geological  Society 
in  1865,  and  a  g^eat  number  of  specimens  have  been  collected  since  from  each  of 
the  three  sets  of  beds  belonging  to  the  Cretaceous  of  the  Lower  Narbadd  Valley. 
There  is  no  doubt  that  there  is  much  variation  amongst  the  specimens,  and  indeed  I 
w^  disposed  at  first  to  separate  one  or  two  in  a  closely  allied  species ;  but  on  plac- 
ing the  specimens  together  in  series,  it  was  found  that  these  particular  forms  were 
linked  on  to  others,  and  that  the  really  important  specific  characters  of  Hemiaster 
similis  are  found  throughout.  There  is  no  doubt  that  the  tendency  of  the  variation 
is  towards  Hemiaster  nucleus,  Desor,  1847,  of  the  Turonian.  The  plump  shape  of  the 
test,  the  shallow  anterior  groove  not  notching  the  anterior  margin,  the  short  postero- 
lateral ambulacra  and  the  close  broad  fasciole  are  present  in  the  forms,  and  those  are 
the  important  characters  of  the  species.  It  is  interesting  to  find  more  specimens  of 
this  Upper  Cenomanian  species  in  the  Nodular  limestone  than  of  the  other  Hemias- 
ter. 

DESCRIPriON  OF  THE  PLATE. 

Fig.  I.  Cidaris  namadicus,  sp.  nov.,  natural  size. 

2.  „  „  part  of  an  ambulacrum  magnified. 

3.  „  ,»         A  coronal  plate  with  a  primary  tubercle  magnified. 
„    4.  Orthopsis  indicus,  sp.  nov.,  natural  size. 

5.  „  „       part  of  the  apical  system. 

6.  „  M       part  of  an  ambulacrum,  magnified. 
7*          M  19       A  coronal  plate  near  the  ambitus,  magnified. 

n    8*  »»  M       A  coronal  plate  near  the  apex,  magnified. 
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PART  2.]      GrieSBACH  :  Geological  Sketch  Map  of  Afghanistan. 


jfield-BOtes :  No.  5 — to  accompany  a  Geological  Sketch  Map  of  Afghanis- 
tin  and  North-Eastero  Kborassao,  by  C.  L,  Griesbach,  C.I.E., 
Geological  Survey  of  India. 

Afghftnistdn  is  a  land  of  high  mountain  ranges  and  two  great  areas  of  steppes ; 

about  three-fouitbs  of  ils  drainage  passes  to  the  Indus  and 

FhT^ul  chartcten.       ^^  ^^^  j^j^^^  ^^^^^  ^j  ^j^^  Helmund,  and  only  the  northern 

portion,  not  much  more  than  one-fourih  of  the  entire  area,  belongs  to  the  Aralo- 

Caspian  depression. 

By  far  the  most  important  of  all  the  ranges  of  Afghanistan  are  the  Hindn  Kiish 
and  Koh-i-Biba  chains  of  mountains,  which  connectedly 
Ranges.  ^^^  ^^  watershed  of  Afghanistdn.    The  Hindu  Kdsh  has 

ft  north-east  to  sonth-west  direction,  and  divides  the  drainage  of  the  Oxus  river  from 
that  of  Chitral,  Kalirislin,  and  Kabul ;  ihe  range  joins  the  Koh-i-B£ba  near  the  Shibar 
pass  south-east  of  Bami^,  and  thence  pursues  a  more  or  less  east  and  west  direction. 
The  western  prolongation  of  this  chain  forms  the  watershed  between  the  Seistin 
drainage  and  ihe  Hari  Rild  (Tej^nd)  and  is  known  under  various  local  names.  In 
Kborassan  the  same  system  of  ranges  continues,  but  has  a  north-west  strike. 

The  range  or  system  of  ranges  which  comes  next  in  importance  after  the  great 
Central  Afglmn  watershed  is  the  system  of  parallel  ranges  which  forms  more  01 
leu  the  political  boundary  between  India  and  Afghauistin,  namely,  the  chains 
amongst  which  the  central  portion  is  known  on  our  maps  as  the  Sulim^  range, 
mused  after  the  highest  point  in  the  range — the  Takht-i-Sulimin.  Geographically 
■11  the  parallel  ranges,  from  the  Afridi  hills  near  Peshawar  to  the  Bi^gti  hills  south- 
vest  of  Dera  Ghazi  Khin,  form  one  connected  system  of  mounlains. 

The  entice  intervening  area  between  the  Sutimiin  mountains  and  the  great 
Afghan  watershed  is  formed  by  a  series  of  high  chains  with  wide  troughs  between. 
They  start  in  the  Kabul  district  and  gradually  diverge  as  they  are  followed  south- 
TiRstwards  to  the  Persian  frontier. 

'  The  stnicture  and  origin  of  these  ranges  is  very  simple.  They  are  formed  by  a 
series  of  anticlioals,  often  compressed  into  a  narrow  belt  with  steep  folds,  at  other 
points  forming  wide  arches,  and  in  some  cases  even  plateaux. 

The  drainage  of  Afghanistan  belongs  to  three  separate  areas.    The  Indus  basin 

receives  the  drainage  which  flows  from  the  Hindu  Kitsh, 

'""'  Kafiristin,  the  Sulimin  range,  and  of  the  ground  west  of  it. 

The  streams  which  rise  in  the  BiJgti  hills  and  part  Of  Biluchislin  also  run  into  the 

-bdui  basin. 

Hk  The  Ghilcai  country  and  the  southern  Hazarajat  send  forth  streams,  which  drain 

^|Bd  the  inland  basin  of  Seist^n ;  the  Helmund  is  the  largest  and  most  important  of 

fifcK  rivers. 

W       The  third  drainage  area  is  that  of  the  Aralo-Caspian  basin,  to  which  the  Oxus, 
I  tlie  Balkh-ib,  the  Murghib,  and  the  Hari  Rdd  (Tej^nd)  belong.    Of  these  consider- 
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able  rivers  only  the  Oxus  reaches  a  defined  lake  basin,  namely,  the  Aral  sea ;  the 
remainder  loose  themselves  in  the  sands  and  swamps  of  the  Central  Asian  steppes. 

Nearly  all  the  rivers  of  Afghanistan  have  had  the  same  history.  They  date  back 
to  late  miocene  times,  since  which  period  they  have  scooped  out  deep  gorges  and 
valleys  whilst  the  country  was  gradually  being  laid  into  great  anticlinal  folds. 
Consequently  they  have  nearly  all  of  them  formed  fine  examples  of  transverse  valleys* 
which  belong  to  the  most  characteristic  features  of  Persian  or  Afghan  landscapes. 

As  will  be  seen  from  the  annexed  map,  the  greater  part  of  Afghanistan  is  geok)- 

gically  still  a  terra  incognita.    All  the  mountainous  country 
istlL?^  ^^°*  *"  Afghan.      £j.Q^^   ^j^g  Sulimin  range  to  the  Hazarajat  including  the  Zhob 

valley,  has  never  been  visited  by  a  geologist.    The  Upper 
Hari  RiSd,  the  Firozkohi  country,  and  a  large  portion  of  the  Northern  Hazarajat  aie 
unknown  to  us   geologically.    So  is  the  Taimuni  country  and  the  valleys  which 
descend  from  the  Siah  Koh.    During  the  second  Afghan  campaign,  1880,  I  recon- 
noitred the  route  from  our  Indian  frontier  to  the  Helmund,  including  the  country 
south-west  of  Quetta.    Afterwards  (in  1883)  I  had  the  good  fortune  to  accompany 
the  Takht-i-Sulim^n  expedition  under  General  T.  G.  Kennedy,  C.B.,  and  so  was 
able  to  visit  the  highest  part  of  the  Sulimdn  range,  which  I  found  to  be  a  stratigram 
phical  continuation  of  the  hills  west  of  Dera  Ghazi  Khan,  which  have  been  described 
by  Dr.  W.  T.  Blanford.    Later  on,  in  1884,  1885,  and  1886,  I  was  attached  to  the 
Afghan  Boundary  Commission,  and  examined  the  entire  west  and  northern  frontier 
of  Afghanistan,  together  with  Eastern  Khorassan  and  the  greater  part  of  Afghan 
Turkistin,  and  was  able  to  reconnoitre  one  section  from  the  Hindu  Kilsh  to  India. 
The  outlines  of  the  geological  results  thus  arrived  at  are  laid  down  in  my  published 
"  Field-notes  "  in  the  Records.     In  the  following  pages  I  intend  to  summarize  these 
results  shortly.    The  geological  literature  relating   to  Afghanistan  is  extremely 
limited.    I  have  already  given  lists  of  previous  authors  on  matters  connected  with 
the  geology  of  Afghanistdn  in  former  papers ;  ^  it  would  be  superfluous  to  again 
review  this  literature,  as  I  shall  have  to  do  that  when  fully  discussing  the  geology 
of  Afghanistdn  in  my  forthcoming  report. 

The  annexed  table  will  show  the  formations  met  with  in  the  examined  area 
of  Afghanistdn  and  Khorassan  and  their  distribution.  Since  the  publication  of 
my  "  Field-notes  "  in  the  Records,  some  of  the  leading  fossils  of  several  formations 
have  been  examined  by  Dr.  F.  Noetling,  and  in  consequence  the  "  Red  grits  "  had 
to  be  separated  from  the  jurassics,  with  the  uppermost  portion  of  which  I  had  pre- 
viously identified  them,  and  they  are  now  included  in  the  neocomian. 

»  Mem.  Geol.  Sunr.,  Vol.  XVIII ;  Recordi  Geol.  Surv.,  Vol.  XVII,  pt.  4,  p.  177  ;  t6.  Vol. 
XX,  pt.  I,  p.  la 
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able  rivers  only  the  Oxns  reaches  a  defined  lake  basin,  namely,  the  Aral  sea ;  the 
remainder  loose  themselves  in  the  sands  and  swamps  of  the  Central  Asian  steppes. 

Nearly  all  the  rivers  of  Afghanistan  have  had  the  same  history.  They  date  back 
to  late  miocene  times,  since  which  period  they  have  scooped  out  deep  gorges  and 
valleys  whilst  the  country  was  gradually  being  laid  into  great  anticlinal  folds. 
Consequently  they  have  nearly  all  of  them  formed  fine  examples  of  transverse  valleys, 
which  belong  to  the  most  characteristic  features  of  Persian  or  Afghan  landscapes. 

As  will  be  seen  frOm  the  annexed  map,  the  greater  part  of  Afghanistan  is  geolo- 
gically still  a  terra  incognita.  All  the  mountainous  country 
istd^"""^  ^°*  *"  Afghan.     £j.Qjjj   ^jjg  Sulimin  range  to  the  Hazarajat  including  the  Zhob 

valley,  has  never  been  visited  by  a  geologist.  The  Upper 
Hari  Rud,  the  Firozkohi  country,  and  a  large  portion  of  the  Northern  Hazarajat  are 
unknown  to  us  geologically.  So  is  the  Taimuni  country  and  the  valleys  which 
descend  from  the  Siah  Koh.  During  the  second  Afghan  campaign,  1880,  I  recon- 
noitred the  route  from  our  Indian  frontier  to  the  Helmund,  including  the  country 
south-west  of  Quetta.  Afterwards  (in  1883)  I  had  the  good  fortune  to  accompany 
the  Takht-i-Sulimin  expedition  under  General  T.  G.  Kennedy,  C.B.,  and  so  was 
able  to  visit  the  highest  part  of  the  Sulimdn  range,  which  I  found  to  be  a  stratigra- 
phical  continuation  of  the  hills  west  of  Dera  Ghazi  Khan,  which  have  been  described 
by  Dr.  W.  T.  Blanford.  Later  on,  in  1884,  1885,  and  1886,  I  was  attached  to  the 
Afghan  Boundary  Commission,  and  examined  the  entire  west  and  northern  frontier 
of  Afghanistan,  together  with  Eastern  Khorassan  and  the  greater  part  of  Afghan 
Turkistan,  and  was  able  to  reconnoitre  one  section  firom  the  Hindu  KiSsh  to  India. 
The  outlines  of  the  geological  results  thus  arrived  at  are  laid  down  in  my  published 
"  Field-notes  "  in  the  Records.  In  the  following  pages  I  intend  to  summarize  these 
results  shortly.  The  geological  literature  relating  to  Afghanistan  is  extremely 
limited.  I  have  already  given  lists  of  previous  authors  on  matters  connected  with 
the  geology  of  Afghanistan  in  former  papers ;  ^  it  would  be  superfluous  to  again 
review  this  literature,  as  I  shall  have  to  do  that  when  fully  discussing  the  geology 
of  Afghanistan  in  my  forthcoming  report. 

The  annexed  table  will  show  the  formations  met  with  in  the  examined  area 
of  Afghanistan  and  Khorassan  and  their  distribution.  Since  the  publication  of 
my  "  Field-notes  "  in  the  Records,  some  of  the  leading  fossils  of  several  formations 
have  been  examined  by  Dr.  F.  Noetling,  and  in  consequence  the  "  Red  grits  "  had 
to  be  separated  from  the  jurassics,  with  the  uppermost  portion  of  which  I  had  pre- 
viously identified  them,  and  they  are  now  included  in  the  neocomian. 

»  Mem.  Geol.  Sunr.,  Vol.  XVIII ;  Recordi  Gcol.  Surv.,  Vol.  XVII,  pt.  4,  p.  177  ;   ib.  Vol. 
XX,  pt.  I,  p.  la 
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It  will  be  seen  that  the  older  rocks  (palaeozoic  and  mesozoic)  are  met  with 

chiefly  along  the  great  Central  Asian  watershed,  the  main 
ie^tures^      geological     ^^j^  ^j  Afghanistan.     Strips  of  these  rocks  occur  also  at  a 

few  localities  north  of  the  main  axis,  and  some  doubtful  and 
unfossiliferous  rock  groups  in  the  Kabul  district  may  possibly  also  be  of  older  date 
than  cretaceous.  The  rest  of  Afghanistan  is  covered  wiih  a  thick  skin  of  cretaceous 
rocks,  the  upper  beds  of  which  are  often  found  to  rest  unconformably  on  the  under- 
lying older  mesozoic  strata.  Large  areas  on  the  western  and  northern  margin 
of  Afghanistan  are  covered  by  tertiary  strata. 

The  main  axis  itself  with  the  country  north  of  it  is  part  of  a  regular  system  of 

^  flexures,^    closely    compressed    near    the   main  axis,   but 

AfghanSib.  °"  ^^^^'      gradually  increasing  in  width  towards  the  north  until  they 

become  gently  undulating  waves  and  widely  spread  flats 
towards  the  centre  of  the  Turkomanian  area. 

A  similar  feature  is  observable  on  the  Indian  side  of  the  great  watershed.  The 
spurs  which  I  crossed  between  Quetta  and  Kandahar  not  less  than  the  ranges  lying 
between  the  Hindu  Kush  and  Peshawar  together  with  the  Sulimdn  range  are 
nothing  but  portions  of  flexures,  and  it  may  be  inferred  therefore  that  all  the  high- 
lands of  the  Hazarajat  and  Ghazni  down  to  our  frontier  show  much  the  same  stnic- 
tore  as  the  ranges  north  of  the  Afghan  watershed. 

All  the  formations  met  with  in  Afghanistdn  are  also  found  spread  over  the  greater 

part  of  Central  Asia.  The  main  axis  of  Persia  which  forms 
Persia.  ^     *°        geogrjphically  a  continuation  of  the  Afghan  watershed,  re- 

sembles the  latter  also  in  its  geological  structure.  The 
palaeozoic  and  older  mesozoic  rocks  are  only  met  with  in  strips  near  the  main 
axis  and  are  elsewhere  hidden  by  cretaceous  and  tertiary  formations.  The  latter 
cover  by  far  the  greatest  area  in  Turkomania  and  Russian  Turkistan,  Bokhara,  &c., 
and  only  along  the  eroded  base  of  synclinals  older  rocks  appear.  (MushketofTs 
Turkistan.) 

Beds  with  true    carboniferous  forms   have  been  found  from  the  Araxes  in 

Armenia  to  Central  Afghanistan.  They  form,  narrow  strips 
older  rocks.  *^  ^^^  ^ase  of  the  older  mesozoics,  and  as  such   they  have 

been  traced  in  a  more  or  less  uninterrupted  zone  along  the 
Central  Asian  watershed.  In  some  places  in  Persia  they  overlie  some  strata  which 
have  yielded  fossils  of  rather  devonian  than  carboniferous  aspect,  and  it  is  possible 
that  perhaps  the  entire  palaeozoic  series  will  be  found  to  exist.  The  same  rocks 
extend  into  Russian  Turkistdn,  where  they  crop  up  from  beneath  the  covering  of 
mesozoic  (chiefly  cretaceous)  formations.  Limestones  and  shales  which  contain 
apparently  the  same  fauna  have  long  been  known  to  exist  in  Kashmir  ^  and  the 
Himalayas,  and  it  seems  therefore  probable  that  all  these  carboniferous  *'  islands  " 
belong  to  the  same  widely  spread  formation  and  have  been  deposited  in  the  same 
continuous  sea.  The  dark  limestone  with  Productus  of  Robat-i-Pai  near  Herat  is 
both  palaeontologically  and  lithologically  identically  the  same  as  the  Productus- 
limestone  of  Spiti  and  the  Central  Himalayas  generally. 

'  Records,  Vol.  XIX,  p.  236. 

•  See  Ljdekkcr's  Kashmir:  Mem.  Geol.  Surv.  India,  Vol.  XXII. 
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I  have  myself  traced  it  from  the  Binalud  range  in  Khorassan  through  the  Yaktdn 
hills  and  the  Doshakh  range  to  Ihe  slopes  of  the  Davendar  east  of  Herat,  and  met 
with  it  again  near  Saighdn  north  of  Bamiin.  The  dark  limestones  of  the  Hindu 
Kdsh  ^  and  Kabul  (Jagdalak)  I  have  provisionally  identified  with  the  carboniferous, 
and  it  appears  likely  that  the  latter  is  only  an  outlier  of  the  Attock  slate  series,  in 
which  possibly  some  of  the  older  palaeozoics  may  be  found. 

It  is  remarkable  that  nothing  older  than  upper  mesozoic  formations  have  been 
discovered  in  Southern  Afghanistan  and  the  Sulimdn  range. 

Above  the  carboniferous  group  and  conformable  to  it  an  extensive  and  continu- 
Plant-bearing  series.      ^^^  series  of  Strata  occurs  not  only  in  Persia  and  Armenia 
Permo-triasand  juras-      where  they  were  noticed  long  ago,  but  also  in  Afghanistan. 
^'^'  They  form  a  more  or  less  continuous  belt  of  strata,  closely 

connected  with  the  underlying  carboniferous  group,  and  distributed  along  the 
entire  distance  from  the  Araxes  in  Armenia  to  the  Hindu  Ktish,  therefore  following 
more  or  less  the  line  of  the  great  Central  Asian  watershed. 

Whereas  the  carboniferous  group  consists  of  entirely  marine  deposits,  the  over- 
lying strata  bear  the  character  of  having  been  precipitated  close  to  a  coast-line ; 
marine  beds  alternate  with  purely  freshwater  ones  or  with  littoral  formations  con- 
fining plant-remains  and  coal-seams. 

The  thickness  of  the  group  varies  very  largely  from  a  few  hundred  feet  (Herat) 
I0  many  thousands,  as  for  instance  in  the  Saighdn  section. 

The  fossil  contents  of  the  series  will  have  to  be  worked  out  in  detail  hereafter; 
at  present  so  much  is  certain  that  it  rests  on  beds  with  a  carboniferous  fauna  and 
is  conformably  overlaid  by  neocomian  strata  and  therefore  represents  the  permian, 
trias  and  Jurassic  formations. 

Of  these  the  last  have  furnished   many  fossil  remains,  both  marine  and  ter- 
Testrial  (plants).    The  triassic  group  is  well  characterised  throughout  by  both  plant 
snd  marine  remains ;  the  oldest  fossil  identified  being  a  Halobia  species,  which  I  found 
near   Chahil   north-west   of  Saighdn  in   Afghan  Turkistan.     The  lowest  trias  is 
mt  that  place  hidden  by  upper  cretaceous  deposits.    Further  southwards  the  series 
^rops  out  again  from  under  its  mantle  of  cretaceous  limestone,  and  I  found  greenish 
^ey  shales  (altered  by  granite  intrusions)  with  anthracitic  seams  and  a  conglo- 
%ierate  with  greenish  matrix  which  group  of    strata  rests    conformably  on  the 
carboniferous  limestone  and  even  partially  alternates  with  the  latter.^    I  believe 
Uis  formation  to  be  the  same  as  the  carbonaceous  shales  and  conglomerates  of 
'^eKholi  Biaz^  near  Herat,  and  also  to  be  identical  with  the  hard  greenish  sand- 
stone and  shales  which  rest  conformably  on  the  carboniferous  near  the  Doshakh 
peak  (Herat  valley)  and  near  Gulistan  and  Jaghdrk  south-west  of  Mashhad  in 
Khorassan. 

It  appears  probable  that  the  series  between  the  carboniferous  limestone  of 
Bamidn  and  the  Halobia  beds  of  Chahil  is  in  Afghan  Turkistan  continuous 
below  the  unconformable  cover  of  upper  cretaceous  limestone,  and  that  therefore 

*  Records,  Vol.  XIX.  pt.  4,  p.  240,  and  Vol,  XX,  pt.  1,  p,  22. 
'  Records,  Vol.  XIX,  pt.  4,  p.  240. 

*  Records,  Vol.  XIX,  pt.  i,  p.  54. 
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the  npper  permian  and  lower  trias  is  hidden.  I  expect  that  these  groups  will  be 
discovered  in  the ''  green  shales "  and  the  strata  above  them  which  play  such  an 
important  r61e  in  the  hill  ranges  of  Northern  Persia.  They  may  also  be  found  in  the 
deeply*  eroded  river  valleys  of  the  upper  Balkh-ib  and  the  highlands  of  the  upper 
Hari  RiSd,  which  I  could  not  visit. 

The  same  formation  of  littoral  deposits  is  found  in  many  localities  in  Russian 
Turkistin,  where  they  also  contain  coal-seams  as  in  Afghanistdn  and  Persia.  The 
formation  bears  entirely  the  character  of  being  deposited  along  a  coast,  the  outline 
of  which  nearly  corresponds  with  the  present  direction  of  the  hill  ranges  which  begin 
in  Armenia,  extend  through  Northern  Persia  (the  Elburz),  through  Khorassan,  and 
finally  divide  Afghanistdn  into  two  separate  drainage  areas.  The  sea  in  which  this 
formation  was  deposited  must  have  been  a  shallow  one,  as  is  shown  by  the  lithological 
character  of  the  deposits.  Numerous  rivers  seem  to  have  carried  not  only  eroded 
mineral  material  but  also  a  large  quantity  of  vegetable  matter  out  to  sea,  for 
plant-remains  are  mingled  with  marine  shells  and  carbonaceous  beds  and  coal- 
seams  alternate  with  shell  limestone.  In  some  places,  probably  in  sheltered  bays, 
great  thicknesses  of  such  deposits  were  laid  down  and  large  coal-seams  have 
been  formed,  as  for  instance  north  of  Saighdn  in  Afghan  Turkistan  (Shisha  Alang, 
Chahil,  &C.1) 

Sufficient  data  are  now  available  to  show  that  this  littoral  development  of  the 
permo-triassic  series  is  uniformly  the  same  over  a  great  part  of  the  Elburz  ranges 
of  Northern  Persia,  in  Khorassan,  Northern  Afghanistdn,  and  over  a  large  portion 
of  Russian  Turkistdn.  This  area  is  flanked  on  each  side  by  a  succession  of  permo- 
triassic  strata  of  purely  pelagic  character.  On  the  Araxes  in  Armenia  ^  Abich  has 
found  beds  containing  marine  forms  which  also  occur  at  the  base  of  the  triassic 
group  in  the  Himalayas.  These  Armenian  strata  may  be  represented  in  Persia  and  . 
Afghanistdn  by  the  green  shales  and  conglomerates  (Saighdn,  &c.)  which  may  be 
regarded  as  forming  a  passage  from  the  palaeozoic  Produo/uS'bQds  into  the  lower 
trias. 

In  the  Central  Himalayas  I  found  immediately  resting  on  the  carboniferous 
Productus  group  a  succession  of  beds,  the  bottom  one  of  which  contains  forms  also 
met  with  in  the  Araxes  passage  beds.  In  the  Himalayas  the  entire  series  of  the 
permo-trias  is  of  marine  origin. 

The  Central  Asian  facies  of  the  permo-trias  bears  a  strong  resemblance  to 
the  Gondwana  series  of  India,  not  only  lithologically  but  also  palseontologi- 
cally. 

The  general  lithological  characteristics  of  the  Gondwana  series  of  India  are 
that  of  a  great  thickness  of  sandstones  and  shales  (with  coal-seams)  containing 
plant-remains,  which  begin  at  their  base  with  a  generally  greenish  coloured  conglo- 
merate,  sandstone,  and  shales,  and  which  ends  with  a  great  thickness  of  coarse-grain- 
ed sandstone  and  grits  (Mahadevas  &c.). 

The  permo-trias  and  Jurassic  series  of  Central  Asia  is  a  succession  of  marine 
and  littoral  formations,  which  also  begin  at  their  base  with  a  greenish  conglomerate, 

'   Records,  Vol.  XIX,  pt.  4,  p.  243. 

«  H.  von  Abich  :  Geol.  Forsch.  in  den  Kaukas.  LAnd.,  Pt.  i,  1878. 
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aandstone,  and  shales,  and  ends  with  coarse  sandstone  and  grits  with  volcanic  ash  beds 
(late  Jurassic  and  neocomian). 

The  middle  of  the  series  is  well  characterised  by  fossil  remains,  amongst  which 
are  typical  triassic  and  Jurassic  marine  forms,  associated  with  plants  which  also 
occur  in  the  middle  Gondwanas  {Schizoneura,  &c,).  Similarly  both  in  the  Gondwanas 
of  India  and  the  permo-trias  of  Central  Asia,  coal-seams  are  chiefly  developed  in 
the  middle  of  the  series. 

But  unlike  the  Gondwanas,  the  Central  Asian  series  is  correctly  defined  as  regards 
its  age ;  it  is  inclosed  between  carboniferous  Produc/us-heds  and  neocomian  strata. 
The  lowest  beds  of  the  series  are  partially  alternating  with  the  carboniferous  group, 
and  the  upper  portion  of  the  plant-series  is  passing  gradually  into  the  marine  neo- 
comian horizon.  The  ages  of  several  of  the  middle  and  upper  zones  of  the  series 
are  accurately  fixed  by  their  marine  fossils.  We  have  therefore  an  extensive  series 
(A  strata,  the  lowest  beds  of  which  may  be  regarded  as  carboniferous  and  the 
uppermost  as  of  upper  Jurassic  and  neocomian  age,  and  of  which  only  the  permian 
and  lower  trias  is  destitute  of.  determinable  organic  remains.  It  is  interesting  to 
notice  that  just  these  lowest  beds,  which  are  closely  connected  with  and  alternate 
with  the  carboniferous  group,  resemble  lithologically  the  lowest  Gondwanas  or  Tal- 
chirs  in  some  important  characters  and  likd  them  contain  impressions  of  Vertebra^ 
rta-like  forms. 

From  the  clearly  establised  upper  trias  {Halobia  lommeli  horizon)  to  the  neo- 
comian,  the  succession  of  fossiliferous  strata  is  continuous. 

The  upper  plant-shales  yielded  middle  and  upper  Jurassic  marine  fossils ;  litho- 
logically they  resemble  the  Spiti  shales  of  the  Himalayas,  and  they  alternate  and  pass 
into  the  "red  grit"  group,  the  upper  portion  of  which  is  undoubtedly  neocomian  as  is 
proved  by  their  fossil  contents. 

The  cretaceous  series  forms  wide-spread  deposits  in  Afghanistan  and  indeed 

over  a  large  area  of  Central  Asia.  A  large  portion  of 
Cretaceous  group.  Afghan  Turkistan  with  the  hills  (Tirband-i-Turkistdn,  Koh-i- 
Bdba,  &c.)  is  formed  of  cretaceous  rocks.  West  and  north-west  the  cretaceous  group 
extends  in  strips  through  the  Herat  province  into  North-eastern  Khorassan.  And 
south  of  the  great  Afghan  watershed  and  as  far  as  the  Indian  frontier  I  believe 
cretaceous  rocks  will  be  found  to  form  most  of  the  ranges,  which  run  in  long  lines, 
south  and  south-west  from  the  Koh-i-Bdba  and  the  Kabul  highlands. 

I  have  found  cretaceous  rocks  in  great  force  in  the  section  between  the  Hindu 
Kdsh  and  Peshawar,  whilst  the  south-western  extensions  of  the  Central  Afghan  ranges 
^-tbe  spurs  which  extend  to  Kandahar,  the  Khojak  range,  and  Quetta — are  also  com- 
posed of  upper  cretaceous  rocks.  So  also  is  the  principal  chain  of  the  Sulimdn 
range,  of  which  the  Afridi  hills  near  Peshawar  form  a  northern  continuation.  In 
Khorassan  and  Northern  Persia  the  cretaceous  formation  forms  great  ranges  and 
plays  an  important  part  in  the  structure  of  the  chains  of  mountains  which  skirt  the 
northern  frontier  of  Persia.  In  Central  Asia  the  upper  cretaceous  covers  a  large 
area,  and  hides  nearly  all  the  older  formations,  which  appear  only  in  isolated  patches, 
where  the  overlying  cretaceous  mantle  has  been  denuded.  In  the  sections  of  the 
central  Himalayas  and  Kashmir  the  cretaceous  formation  is  comparatively  rare,  but 
it  is  probable  that  further  to  the  northwards  and  north-east  great  tracts  of  the  Central 
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Tibetan  ground  is  formed  of  cretaceous  rocks.     There  is  evidence  ^  that  cretaceous 
rocks  are  in  situ  in  the  neighbourhood  of  Lhassa. 

Several  horizons  of  the  cretaceous  group  are  represented  in  Central  Asia.  The 
most  complete  sections  I  met  with  in  Khorassan  where  apparently  all  horizons  from 
the  neocomian  (with  marine  fossils)  to  the  upper  cretaceous  -£'.v<?^ra-limestone  are 
represented. 

Further  eastwards,  in  the  Herat  province  and  in  Afghan  Turkistdn,  the  middle 
cretaceous  seems  altogether  wanting  in  most  of  the  sections,  and  in  that  case  the 
upper  cretaceous  jEA-o^yra -limestone  rests  unconformably  on  the  Jurassic  or  older 
groups  of  the  plant-bearing  series. 

In  Afghanistan  and  Central  Asia  tertiary  formations  form  wide-spread  deposits. 
.  Along  the  southern,  south-western,  and  partly  the  western 

*   ^  ^       '  boundaries  Afghanistan  is  skirted  by  tertiary  and  sub-recent 

deposits,  which  form  most  of  the  deserts  and  great  plains  of  the  lower  Helmund 
drainage.  Tertiary  deposits  also  fill  the  Herat  valley  and  extend  far  into  the  valleys  of 
Eastern  Khorassan.  Badghis,  drained  by  the  Hari  Riid,  the  Kushk  and  the  Murghdb 
rivers,  the  Maimana  province,  and  the  greater  part  of  Afghan  Turkistdn  with  the 
Oxus  valley,  form  part  of  the  enormous  Aralo-Caspian  basin,  which  is  for  the  most 
part  filled  with  tertiary  and  later  depSsits.  Only  along  the  southern  edge  of  the 
Badghis  and  Turkistdn  tertiary  area  older  beds  of  this  system  crop  up,  namely, 
eocene  and  miocene  marine  strata.  Small  patches  of  such  are  seen  inclosed  in 
synclinal  basins  high  up  in  the  highlands  of  Saighdn  and  Bamidn,  and  a  belt  of  older 
tertiaries  also  crops  up  on  the  Oxus  near  Kilif  and  Khamidb. 

The  deposits  on  the  north  slope  of  the  great  Afghan  watershed  differ  in  many 
respects  from  those  which  form  a  fringe  to  the  cretaceous  Sulimdn  range  and  com- 
pose most  of  the  Bugti  and  Marri  hills  east  of  Quetta. 

In  the  Herat  valley,  Eastern  Khorassan  and  the  steppes  of  Badghis,  Maimana  and 
Turkistdn  the  great  divisions  of  the  tertiary  series  are  : — 

6.  Blown  sands  and  recent  alluvium. 
Upper        "i  (  5.  Loess  deposits  and  old  fans. 

Lower       j  \^.  Freshwater  deposits  with  plants  and  land  shells. 

"PP^'       ]  Miocene  [  ^'  ^stuarine  deposits. 

Lower       3  (2.  Marine  miocene  beds. 

I.  Eocene. 

The  eocene  formation  has  only  been  proved  to  occur  in  one  locality,   namely, 

near  Nishapur,  in  Khorassan,  where  nummulilic  limestone 

occurs.     In  Badghis  and  Turkistan  the  upper  cretaceous 

limestones  are  overlaid  by  marly  limestones  in  thinner  beds  and  sandstone  whiqh 

are  again  overlaid  by  fossiliferous  miocene  strata.     This  intermediate  formation, 

which  is  of  considerable  thickness,  I  believe  to  represent  the  eocene  horizon. 

The  miocene   formation,   both  lower    and   upper,    is   of   wide-spread  extent 

in  Central  Asia,  and  to  it  belong  nearly  all  the  salt  and 

gypsum  deposits,  many  of  which  are  worked.     I  believe 

the  Afghan   miocene  formations  to    be  essentially  the  same  as  the  gypsiferous 

series  of   Persia    described  by  Loftus,  Abich,   Grewingk,  &c.,  and  which  forms 

'  O.  Feistmantel:  Records  Geol.  Surv.  India,  Vol.  X,  p.  21. 
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such  large   deposits  in    Western  and    North-western    Persia,    Armenia,   and  the 
Caucasus. 

North  of  the  Afghan  watershed,  older  tertiaries  appear  along  the  north  slope  of 
the  Barkhdt  range  (the  i'arnpamisus  of  our  old '*  Turkistan"  maps),  seem  to  fill  the 
Murghab  (Ferozkohi)  synclinal,  and  may  be  traced  in  patches  north  of  the  Koh-i-Bdba 
(Malhar,  Bamian).  North  of  the  anliclinals  of  the  Tirband-i-Turkistdn  they  crop 
up  again  in  a  long  fringing  line,  resting  conformably  on  the  upper  cretaceous 
limestone  and  strike  east  from  Tashkhurghan.  Due  east  of  the  latter  locality,  mio- 
cene  strata  (salt-bearing)  appear  at  Khanabdd  in  Badakhshin,  where  probably  the 
two  lines  of  tertiary  synclinals  join.  The  area  east  of  Khdnabad  with  the  Hindu 
Kdsh  and  Kafiristdn  is  chiefly  composed  of  metamorphic  rocks,^  which  may  have 
formed  part  of  a  great  crystalline  massif.  On  the  Oxus  and  beyond,  in  Bokhara,  older 
tertiaries  again  crop  up,  and  it  appears  that  in  Central  Asia  these  rocks  participate 
largely  in  the  formation  of  the  hill  ranges. 

How  far  the  older  (marine)  strata  of  the  tertiaries  of  Turkistan  resemble  the 

eocene  and  miocene  formations  of  Sind  and  Biluchistan  will 

tbJ^teJ^hed.'^"*^    ^    ^^^^  ^^  ^^  determined  hereafter,  when  the  fossil  contents  of 

both  have  been  compared. 

South  of  the  great  Afghan  watershed  older  tertiary'  deposits  are  found  in  the 
neighbourhood  of  Kohat,  whence  they  strike  southward,  fringing  our  frontier  and 
the  Sulim^  range.  Probably  the  large  triangular  area  between  the  Sulimdn  range, 
the  Bdgti  hills,  and  the  line  which  connects  the  Pishin  valley  with  Kohat  will  be 
found  mainly  to  be  formed  by  tertiary  deposits.  Upper  tertiary  formations  cover 
a  large  area  in  Southern  Afghanistan  and  the  neighbouring  ground.  The  frontier 
belt  of  Afghanistan  and  Biluchistan  with  many  of  the  wider  valleys  inside  the  hills 
are  made  up  of  later  tertiaries. 

During  the  miocene  period  began  the  changes  in  the  distribution  of  land  and  sea 

which  continued    during   later  tertiary  times  and  are  still 

Changes  during  and     ^      ^^     r^^^  miocene  sea  gradually  retreated  from  the 
atter  miocene  times.  o       o  o  ^  y 

western  shores  of  the  Afghanistan  (Badakhshan,  Kafiristdn 

massif)  continent,  and  large  estuaries  began  to  form  along  the  coast-lines  in  which 

the  latter  miocene  deposits  were  laid  down.    Such  is  evidenced  by  the  Bamian  and 

Mather,  the  Tashkhurghan  and  many  other  sections  in  Central  Asia. 

The  change  of  conditions  must  have  been  very  gradual,  for  there  is  no  break  in 
conformity  visible  between  the  drab  clays  and  shales  of  the  estuarine  upper  miocene 
and  the  densely  bright  coloured,  red,  and  purple  clays,  sandstones  and  shales  with 
conglomerate  of  the  upper  tertiaries,  which  is  a  purely  fluviatile  and  lacustrine 
formation. 

These  conditions  find  their  analogue  in  the  Biluchistan  sections,  where  the 
change  from  the  miocene  (Gaj)  beds  into  the  upper  miocene  (lower  Manchhars)  is 
equally  gradual.  The  upper  Manchhars  (upper  Siwaliks)  of  Sind  and  Biluchistin 
may  be  compared  with  the  Turkistan  freshwater  pliocene.  The  liihological  resem- 
blance of  the  latter  with  the  upper  Manchhars  of  Sind  or  upper  Siwahks  of  the 
trans-Indus  range  is  remarkable. 

^  Dr.  Giles  :  in  Ann.  Rep.,  RecordS|  Vol.  XX,  pt.  i,  p.  9. 
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The  same  changes,  i>.,  the  retreat  of  the  miocene  sea  from  the  tertiary  continent 

and  finally^its  separation  into  several  lake-basins  (the  Aralo- 
re^nrtfmlJ'''"*'""'''^  ^'^    Caspian),  continued  long  after  the  deposition  of  the  estuarine 

strata  along  the  margin  of  ihe  Turkistdn  highlands. 

With  the  change  of  outline  of  these  lake-basins  and  the  diminution  of  rainfall 

and  consequent  decrease  in  volume  of  the  drainage  flowing 

^^"^^U^M**'^"^'        from  the  Afghan  highlands,  begin  to  appear  aerial  forma- 

tions,  which  near  the  margin  of  the  hills  are  seen  to  be  inter- 
calated between  the  fluviatile  deposits  of  the  upper  tertiaries.  In  pliocene  times 
already  began  the  accumulations  of  vast  deposits  of  loess,  whose  aerial  origin  is 
clearly  shown  in  the  scarps  which  every  Turkistdn  river  cuts  through  it  in  its  north- 
ward flow. 

The  accumulation  of  loess  is  still  going  on  over  a  large  portion  of  Central  Asia 
including  Northern  Afghanistan.  The  steppes  owe  their  origin  to  the  nature  of  the 
recent  deposits  of  loess.  Every  one  of  the  wider  valleys  of  Eastern  Khorassan 
and  the  Herat  valley  are  partly  filled  with  loess  accumulations.  The  grass-covered 
downs  (Chdll)  of  Badghis,  Maimana,  and  Afghan  Turkistdn  are  nothing  but  wide- 
spread loess  deposits. 

In  South-western  Afghanistan  the  conditions  are  similar.  There  the  gradually 
drying-up  inland  basin  of  the  Helmund  is  under  the  influence  of  air-currents  which 
deposit  vast  thicknesses  of  loess  on  both  banks  of  the  Helmund  and  in  Seistin ;  they 
rest  on  stratified  deposits  of  clay,  sands  and  conglomerate,  which  are  lithologically 
identical  with  the  Chilli  deposits  of  Turkistin. 

For  the  description  of  the  Biluchist^n  ranges,^  the  Bdgti  hills,*  and  the  Suli- 
mdn  range  •  I  refer  to  the  descriptions  given  in  the  publications  of  the  Geological 
Survey  of  India. 

I  found  it  impossible  to  separate  the  various  intrusive  igneous  rocks  on  the  small 
Igneous  rocks.         scale  map  ^hich  accompanies   this  paper.     I  believe  the 
igneous  rocks  of  Afghanist^  and  North-eastern  Khorassan  belong,  broadly  speaking, 
to  four  different  epochs.    They  are  : — 

4.  Trachytes  and  rhyoHtes  of  Khorassan         .    Tertiary. 

3-  I  Syenitic  granite     *         '.         '.         '.         !  ]  ^°^"*- 

2.  Trap         .......     Jurassic  and  neocomian. 

I.  Trap  and  melaphyre Permian. 

1.  The  oldest  igneous  rock  of  Afghanistan  I  believe  appears  as  interbedded 
trap  and  melaphyre  in  the  lowest  beds  of  the  plant  series,  which  I  have  correlated 
with  the  permian  of  the  Araxes  and  the  Himalayas  and  the  Talchirs  of  India.  Thay 
are  well  seen  in  the  Herat  sections  and  in  the  north-western  extension  of  the  Yaktdn 
range  of  Khorassan. 

2.  Enormous  outbursts  of  traps  and  porpKyritic  rocks  appear  as  intrusive  and 
partly  interbedded  masses  in  the  red-grit  group.     They  are  particularly  well  seen 

>  W.  T.  Blanford  :  Mem.  Vol.  XX,  pt.  2.    C.  L.  Griesbach  :  Mem.  Vol.  XVIII. 

«  W.  T.  Blanford  ;  Mem.  Vol.  XX,  pt.  2. 

»  W.  T.  Blanford  :  Mem.  Vol.  XX,  pt.  2.    C.   L.  Griesbach  :  Records,   Vol.  XVII,    pt.  4, 
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in  the  Herat  province;  the  Ardewdn,  Marbich,  Band-iBdba,  and  Zurmust  passes 
lead  over  sections  through  these  late  Jurassic  traps.  The  upper  beds  of  the  red-grit 
group  are  almost  entirely  made  up  of  fragments  of  igneous  rocks  and  great  thick- 
nesses of  ash-beds  swell  out  the  total  of  this  group  enormously. 

3.  Structurally  the  most  important  of  the  igneous  rocks  of  Afghanistan  are  the 
syenitic  granite  and  trap  outbursts  of  post- cretaceous  times.  They  form  dykes  and 
bosses  in  Khorassan  and  the  Herat  province  (Davendar)  and  form  most  probably 
a  continuous  belt  through  Central  Afghanistan,  I  met  them  again  in  great  force  in  the 
Hindu  Kdsh,  which,  with  its  parallel  chains  north  and  south,  is  nearly  entirely  com- 
posed of  these  rocks. 

They  are  seen  to  penetrate  the  upper  cretaceous  limestone,  which  is  then  fre- 
quently converted  into  white  marble  near  the  contact. 

I  believe  the  outburst  to  date  either  from  late  cretaceous  or  eocene  times. 

To  it  belong  the  post-cretaceous  syenites  and  traps  of  Kandahar  and  the  desert 
south  of  the  Helmund. 

4.  In  Eastern  Khorassan  appear  trachytes  and  rhyolites  (north-west  of  Nisha- 
pdr)  which  have  intruded  between  strata  of  nummulitic  limestone  and  therefore  can 
hardly  be  older  than  middle  tertiary. 

Summary.  The  following  facts  may  again  be  summarized. 

1.  The  carboniferous  group  shows  great  points  of  resemblance,  both  lithologi- 
cally  and  palgeontologically,  over  the  entire  distance  from  the  Caucasus  to  the 
North-west  Himalayas.  It  is  a  purely  marine  formation,  and  pelagic  conditions  seem 
to  have  prevailed  in  the  Caspian  region,  Northern  Persia,  Afghanistan,  and  the 
Himalayan  area. 

2.  At  the  close  of  the  carboniferous  period  began  a  shallowing  of  the  sea  over 
the  greater  part  of  Central  Asia,  including  Northern  Persia  and  Afghanistan,  which 
more  or  less  continued  to  neocomian  times,  when  the  sea  altogether  retreated  from 
large  tracts  of  Central  Asia,  including  Afghan  Turkistdn. 

During  that  time  littoral  deposits  were  laid  down  along  a  coast  line  which  seems 
to  have  agreed  more  or  less  with  the  present  direction  of  the  Central  Asian  watershed. 

In  the  adjoining  areas,  of  Asia  Minor  and  the  Himalaya,  pelagic  conditions  con- 
tinued. 

3.  In  upper  cretaceous  times  a  great  overlap  of  the  sea  began  and  extended  to 
lower  miocene  times. 

4.  After  the  deposition  of  the  lower  miocene  the  sea  began  to  retreat  gradually 
from  the  coast-lines,  not  only  in  the  Central  Asian  area,  but  also  in  Sind  and  Bilu- 
cbistdn,  and  estuarine  and  freshwater  deposits  were  being  laid  down  conformably  on 
the  marine  miocene  beds. 

The  retreat  of  the  miocene  seas  was  continued  in  late  tertiary  times  and  in  fact 
the  same  changes  are  still  proceeding  at  this  moment.  In  place  of  the  estuarine 
deposits  huge  accumulations  of  freshwater  and  aerial  formations  took  place  over 
the  greater  part  of  Central  Asia,  Persia,  and  our  Sind  frontier. 
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Notes  on  the  Microscopic  structure  of  some  specimens  of  the  RcLjmahcLl  and 
Deccan  traps,  by  CoLONEL  C.  A.  McMahon.,  F.G.S. 

{Received  December  23,  1886.) 


Igneous  rocks  of  the  Rdj ma hdl  group :  Augite-Andesites, 

I — 434^- — ^Amygdaloid.     Motijharna. 

This  rock  has  been  considerably  decomposed  by  the  percolation  of  water,  and  has 
been  reduced  to  a  condition  that  reminds  me  very  much  of  the  traps  of  Mandi  and 
Darang,  in  the  Himalayas.  The  matrix  of  the  amygdaloid  consists  of  a  network  of 
felspar  prisms,  starred  about  in  a  muddy-looking,  and  almost  opaque,  base  of 
greenish-brown  colour.  In  reflected  light  this  is  seen  to  be  studded  at  regular  inter- 
vals with  fine  fibres  of  magnetite  which  radiate  in  all  directions.  The  slice  is  dappled 
here  and  there  with  an  amorphous  red  product ;  remains  of  augite  are  also  visible, 
but  this  mineral  has  been  altered  almost  out  of  recognition. 

All  the  felspar  belongs  to  the  triclinic  system,  and  none  of  it  appears  in  the  form 
of  porphyritic  crystals 

1—441.— Amygdaloid.     Dubrajpur. 

The  matrix  of  this  specimen  is  composed  of  triclinic  felspar,  augite,  and  magnet*^ 
ite.  The  felspar  occurs  both  in  porphjTitic  crystals,  and  in  small  but  regular  prisms. 
If  the  former  were  left  out  of  consideration,  the  smaller  felspars  and  the  augite 
would  be  in  about  equal  proportions  to  each  other.  The  augite  is  in  a  granular  con- 
dilion ;  that  is  to  say,  it  does  not  present  crystallographic  outlines. 

A  zeolite,  varying  from  white  to  yellowish-red  in  colour,  stops  the  amygdules, 
and  invades  the  substance  of  the  rock,  forming  very  numerous  lacuna,  with  strongly 
marked  marginal  borders.  The  inner  portions  of  many  of  the  large  felspars  have 
also  been  replaced  by  this  product  of  decomposition.  With  this  exception  the  rock 
presents  a  fairly  fresh  appearance. 

Among  the  felspar  crystals,  crosses  formed  by  bavcno  twins  are  common  ;  and 
whilst  twinning  on  the  albite  plan  is  visible  in  nearly  all  the  felspars,  pericline  macles 
are  also  to  be  seen  here  and  there. 

Augites  occur  in  both  these  slices  in  somewhat  large  crystals  as  well  as  in  smaller 
granules,  and  a  few  of  them  present  rather  good  external  shapes.  Twinning  is  to  be 
observed  in  some  of  them,  but  it  is  not  at  all  common. 

The  augite  and  felspar  appear,  on  the  whole,  to  have  crystallized  simultaneously, 
but  instances  are  not  wanting  to  show  that  some  individuals  of  both  minerals  crystal- 
lized in  advance  of  others.  Thus  these  slices  present  examples  of  twinned  and  well- 
formed  augites,  and  groups  of  augites,  imbedded  in  rather  large  felspars ;  and  also 
of  augites  formed  upon  felspar  prisms.  In  other  cases  the  growth  of  the  latter 
mineral  has  apparently  been  stunted  by  the  formation  of  crystals  of  pyroxene  by  their 
side. 

*  The  numbers  given  are  those  of  the  Geological  Survey  of  India. 
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This  feature,  viz,,  the  simultaneous  formation  of  augite  and  felspar,  and  the  en- 
-closure  of  augite  by  felspar,  and  of  felspar  by  augite,  was  noted  as  a  characteristic 
of  the  Bombay  basahs  in  my  paper  on  those  lavas,  see  Records  XVI,  pp.  43,  46,  and 
plates.  I  may  further  draw  attention  to  the  fact,  in  passing,  that  the  inclusion  of 
groups  of  well-formed  augites  in  large  felspars,  noted  above,  shows  conclusively  that 
we  must  not  jump  to  the  conclusion  that  all  large  felspars  porphyritically  imbedded 
in  a  finer  grained  ground-mass  necessarily  belong  to  a  different  "  generation,''  and 
had  their  birth  considerably  in  advance  of  the  smaller  crystals  of  the  ground-mass. 
The  porphyritic  and  zoned  felspars  were  doubtless  formed  before  the  small  prisms 
of  felspar ;  but  the  interval  between  them  need  not  have  been  great  in  point  of  time, 
■and  the  birth  of  both  may  have  been  the  result  of  cooling  when  the  lava  began  to 
ronsolidate  after  it  had  flowed  from  the  mouth  of  the  volcanic  crater.  At  any  rate, 
it  is  clear  that  some  small  cr}stals  of  augite  were  formed  in  the  magma  prior  to  the 
crystallization  of  the  large  felspars,  and  we  may  reasonably  infer  that  the  crystalliza- 
tion of  the  whole  mass  had  begun  when  the  porphyritic  felspars  were  formed.  This 
inference  is  also  supported  by  a  further  fact  observed  in  slice  No.  436  ;  namely,  that 
there  is  a  gradation  from  the  felspars  of  largest  to  those  of  smallest  size,  and  not  an 
abrupt  transition  from  large  porphyritic  felspars  to  small  laih-shaped  prisms. 

In  No.  436,  magnetite  is  very  abundant.    The  products  of  decomposition  are,  in 
No.  436,  a  greenish-brown  ;  and  in  No.  440,  a  substance  that  is  of  greenish-brown 
cDlour  in  some  places,  and  yellowish-red  in  others.     This  cannot  be  traced  directly, 
or  indirectly,  to  the  alteration  of  augite ;  on  the  contrary  it  fills  the  r61e  of  a  glassy  base, 
and  possibly  represents  the  uncrystallized  residuum.    The  pyroxene  is  very  fresh,  but 
occasionally  inner  portions  of  the  large  felspars  are  replaced  by  the  secondary  product 
of  decomposition,  above  alluded  to,  which  is  not  green  enough  to  be  called  viridite- 
These  probably  represent  portions  of  the  base  caught  up  in  the  felspars.    Occasional- 
ly in  No.  436  the  greenish-brown  matter  appears  in  rounded  forms,  suggestive  at  first 
sight  of  pseud omorphs  after  olivine,  but  this  appearance  is,  I  think,  delusive ;  and  the 
hypothesis  that  might  be  based  on  it  is  refuted  by  the  general  behaviour  of  this  greenish- 
brown  matter  and  by  other  considerations.     This  greenish-brown  material  apparently 
"forms  the  base  in  which  the  constituent  minerals  of  the  rock  are  imbedded.    Moreover 
these  slices  contain  no  serpentine,  or  serpentinous  viridite,  and  no  trace  of  Maschen 
Struclur  due  to  the  deposition  of  opacite,  or  magnetite,  round  the  edges  or  along 
"•he  cracks  in  olivine  crystals,  which  often  betray  the  original  presence  of  that  mineral 
^ter  its  substance  has  been  converted  into  serpentine.     The  conclusion  at  which  I 
liave  arrived,  after  a  careful  study  of  the  R^jmahdl  slices  is  that  there  is  not  a  trace 
"^Df  olivine  in  any  of  them. 

« — 436  R^jmahdl  Hills.     1—440.  "Ball  trap."  Motijharna. 

Viewed  macroscopically  these  are  very  basaltic-looking  specimens,  and  they  would 

'^lo  doubt  ordinarily  be  called  basalts.     Under  the  microscope  they  are  seen  to  belong 

"•  0  exactly  the  same  class  of  rock  as  No.  441,  described  above.     Indeed,  the  difference 

V^etween  them  is  not  one  of  original  structure,  or  composition  ;  but  consists  entirely 

in  the  relative  progress  of  decay.    The  amygdaloid  was  more  exposed  to  the  infil" 

'^Tation  of  water  than  the  less  porous  lavas,  and  has  necessarily  suffered  more.    As 

^  consequence  the  zeolites  so  abundant  in  the  amygdaloids  are  entirely  absent  from 

Xhese  two  specimens. 
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As  in  No.  44 1»  the  two  rocks  under  description  consist  of  a  mixlnre  of  triclinic 
felspar,  augite,  and  magnetite ;  and  as  in  the  Dubrajpur  lava,  porphyritic  crystals  of 
felspar  are  imbedded  in  a  ground-mass  composed  of  sma  11  prisms  of  that  mineral, 
and  granular  augites.  In  No.  440  the  crystals  of  the  ground-mass  are  relatively 
smaller,  as  compared  with  the  large  felspars,  than  in  No.  436.  Zonal  structure, 
characteristic  of  the  andesitic  type  of  rocks,^  is  common  in  the  porphyiitic  felspars* 

Emtatite^hornblende^diorite. 

1—446.  Betia  Hill. 

This  is  a  very  interesting  specimen.  It  is  composed  of  the  following  minerals, 
namely,  triclinic  felspar,  enstatite,  hornblende,  magnetite,  quartz,  apatite,  and  a  little 
mica.    In  structure  it  is  perfectly  granitic  and  holocrystalline. 

The  felspar,  judging  from  its  optical  characters,  is  labradorite.  It  is  consider- 
ably "  schillerized "  (Judd),  and  the  included  matter  is  arranged  in  such  regular 
lines,  that  in  some  cases,  when  low  powers  are  used,  it  imparts  the  appearance  of 
fine  striation  to  the  crystals. 

Occasionally  the  felspar  is  so  crammed  with  colourless  globulites,  and  microliths, 
as  to  impart  a  graphic  appearance  to  it  similar  to  some  of  the  felspar  in  the  Dalhou- 
sie  ahd  Sutlej  Valley  gneissose  granites  {query  ^  is  this  eucryptite,  or  an  allied  mineral 
—see  Dana's  3rd  Appendix,  p.  113);  at  other  times  rounded  microliths  of  horn- 
blende occur. 

The  enstatite  is  about  as  abundant  as  the  hornblende;  it  is  ultimately  associated 
with  it,  and  sometimes  it  is  surrounded  by  a  fringe  of  the  latter  mineral. 

Magnetite  is  abundant,  and  is  usually  imbedded  in  the  hornblende. 

There  is  not  much  quartz;  and  it  is  evidently  the  residuum  left  after  the 
crystallization  of  the  other  minerals.    It  contains  some  liquid  cavities  with  bubbles. 

Apatite  is  abundant,  and  is  present  both  in  the  form  of  slender  microliths  and 
also  in  good-sized  prisms.  Mica  cannot  be  detected  in  the  thin  slice,  but  a  small 
packet  of  undoubted  mica  was  observed  on  a  macroscopic  examination  of  the  hand 
specimen  with  a  pocket  lens;  it  is  of  dark  reddish-brown  colour,  and  an  examina- 
tion of  a  flake  in  convergent  polarized  light  showed  that  it  is  one  of  the  micas  that 
used  to  be  referred  to  the  hexagonal  system. 

Andesite. 

No.  14 — 19.  Sendurgusi  Hill.    Sp,  G.  2*65. 

A  compact  lava  of  pinkish  colour.  It  is  very  rough  on  the  fractured  surface,  the 
roughness  being  produced  by  its  fine-grained  porosity;  indeed  so  porous  is  the  rock 
that  the  hand  specimen,  on  being  plunged  into  water,  continued  to  give  forth  streams 
of  air-bubbles  for  a  long  time.  Owing  to  the  air  contained  in  the  specimen,  some 
of  which  was  probably  unable  to  escape,  the  specific  gravity  given  above  is,  I  dare 
say,  a  little  too  high ;  but  the  point  is  not  material  as  andesites  range  as  low  as  1*54* 
and  this  specimen  cannot  be  much,  if  at  all,  lower  than  2*6. 

*  Judd  :  Quar.  Jour.  Geol,  Soc.  xlii,  426, 

•  Tcall :  Geol.  Mag.,  1883,  p.  107. 
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No.  14—19  was  collected  by  Mr.  V.  Ball,  F.R.S.,  and  it  is  believed  to  be  a  sample 
of  the  rock  near  the  Simra  Bungalow,  described  at  p.  66  of  his  memoir  on  the  Geology 
of  the  R^jmahdl  Hills  (Memoirs,  G.  S.,  Vol.  XIII). 

Viewed  macroscopically  this  specimen  has  all  the  aspect  of  a  trachyte ;  but  as  the 
predominant  felspar  is  certainly  not  orthoclase  (sanidine),  it  must  be  classed  with 
the  andesites. 

To  prevent  any  mistake  I  had  a  second  slice  of  this  hand  specimen  prepared, 
but  I  have  been  unable  to  detect  in  either  of  the  slices  a  single  crystal  of  sanidine. 
The  felspar,  judged  by  these  slices,  is  all  triclinic;  and  belongs,  like  that  of  the 
augite-andesites,  described  above,  to  the  labradorite-anorthite  group.  It  is  fre- 
quently zoned  and  presents  examples  of  every  form  of  twinning — albite  twins  being 
combined  with  those  of  carlsbad,  pericline,  and  baveno. 

The  rock  is  composed  of  a  mass  of  felspar  crystals  of  various  sizes  (some 
being  comparatively  large)  imbedded  in  a  devitrified  glassy  base.  The  base  is  much 
more  prominent  in  ope  slice  than  in  the  other. 

The  Simra  andesite  must  originally  have  contained  a  large  amount  of  magnetite. 
Some  of  it  has  been  left  in  an  unaltered  condition ;  but  the  greater  part  has  been 
converted  into  a  red  oxide ;  and  it  is  to  the  presence  of  the  latter  in  large  quantities 
that  the  reddish-pink  colour  of  the  rock  is  due. 

Olivine  is  totally  absent ,  and  augite  is  very  sparse ;  being  limited  to  the  presence 
of  a  few  stray,  rounded,  and  corroded  crystals.  These  have  apparently  not  been 
formed  in  st/u,  as  they  are  externally  very  much  corroded,  as  if  by  an  acid  magma. 

I  thought  it  would  be  interesting  to  compare  the  Rajmahal  specimens  with  the 
samples  of  Deccan  traps  in  my  possession;  and  accordingly  sliced  and  examined 
the  following,  which  are  good  typical  examples  from  five  different,  and  widely 
fleparated,  localities. 

Deccan  Trap. 

No.  I — ^A  sub-vitrious  lava.    Antop  Hill.    Bombaj^. 

A  detailed  description  of  the  geology  of  Antop  Hill  and  of  this  rock,  the 
** black  rock  of  Antop  hill,  (?)  felstone  "  of  the  map  which  accompanies  Mr.  A.  B. 
Wynne's  paper,  will  be  found  at  p.  36 — 40,  Memoirs,  Geological  Survey,  Vol.  V. 
It  is  described  as  a  "  black  splintery  rock."  **  The  whole  rock  of  this  hill,"  Mr. 
Wynne  informs  us  is  "  of  a  curious  compact  and  almost  flinty  kind,'*  which  "  differs 
greatly  in  appearance  from  any  of  the  trap-rocks  commonly  found  in  the  neighbour- 
hood;" but  it  "reappears  at  Seoree,"  and  forms  "the  rock  called  Cross  Island, 
in  the  harbour,  at  a  distance  of  several  miles."  "  Some  previous  observers  thought 
it  resembled  an  altered  argillaceous  deposit,*'  but  Mr.  Wynne  successfully  combated 
that  notion  in  his  memoir. 

Under  the  microscope  this  is  seen  to  be  a  true  volcanic  rock.  It  is  singularly, 
fine-grained — finer  grained  than  any  lava  I  have  ever  before  seen ;  but  thin  slices 
under  the  microscope  have  none  of  the  aspects  of  a  basalt-glass  on  the  one  hand^ 
or  of  a  felsite  on  the  other. 

The  rock  is  composed  of  microscopic  prisms  of  triclinic  felspar,  and  micro- 
8C<^ic  grains  of  augite,  and  magnetite.  The  microliths  of  felspar  are  well  formed 
though  minute,  and  they  exhibit  distinct  fluxion  structure  in  their  arrangement. 
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None  of    the  lavas  of  Bombay  described  in  my  paper  in  Records  XVI,  42, 
come  any  where  near  this  specimen  in  fineness  of  grain. 

The  rock  does  not  contain  any  glassy  base — the  base  being  composed   of 
extremely  minute  granular  cr}'stals,  possessing  luvv  double  refraction. 

There  are  some  porphyritic  crystals  of  triclinic  felspar,  and  augite,  and  the  slice 
contains  round  holes  stopped  with  opal,  and  a  red  and  greenish  substance  which 
may  possibly  be  analcime,  or  an  allied  mineral.  The  slice  is  also  stained  red  here 
and  there,  in  streaks,  with  oxide  of  iron.  We  thus  see  that  even  an  extremely  fine- 
grained, compact  rock  like  this,  is  unable  to  resist  the  penetrating  power  of  water. 
No.  2. — Amygdaloid  of  Pukarni  quarries  near  Harda.  A  favourite  building  stone. 
This  is  not  a  very  interesting  rock  under  the  microscope  owing  to  the  amount  of 
alteration  it  has  undergone.  The  remains  of  the  magnetite,  which  was  apparently 
very  abundant,  may  still  be  seen  dotted  about  through  the  matrix ;  but  the  principal 
part  of  it  has  been  converted  into  the  red  oxide  of  iron  which  has  made  the  matrix 
very  opaque,  and  has  given  it  a  red  colour. 

The  felspar  prisms  imbedded  in  the  ground-mass  are  more  or  less  decomposed, 
and  replaced  by  white  products  of  decomposition ;  the  amygdules  are  stopped  with 
a  zeolite,  chalcedony,  and  opal,  and  the  substance  of  the  matrix  is  invaded  by  free 
quartz  and  zeolitic  substances.  The  original  porous  character  of  the  rock  has 
evidently  greatly  facilitated  the  alteration  of  its  component  minerals. 

The  general  appearance  presented  by  the  slice  in  the  field  of  the  microscope  is 
that  of  a  net-work  of  felspar  prisms,  imbedded  in  an  opaque  brick-coloured  matrix, 
but  owing  to  the  progress  of  decomposition  the  outlines  of  the  felspars  are  not  sharp 
or  regular.     No  augite  is^to  be  seen. 

No.  3. — Ball  trap.     A  very  common  type  all  over  the  Deccan. 
This  consists  of  a  net-work  of  triclinic  felspar  prisms,   granular  augite,  and 
magnetite,  in  which  ground-mass  large  crystals  of  plagioclase  are  porphyritically 
imbedded. 

The  rock,  under  the  microscope,  has  a  vtry  fresh  appearance  ;  the  felspar  and 
augite,  in  particular,  looking  remarkably  so  ;  nevertheless  it  appears  to  have  suffered 
considerably  from  the  agents  of  decomposition,  for  calcite  is  present  in  considerable 
abundance,  whilst  limonite,  and  haematite,  have  not  unfrequently  replaced  the  magnet- 
ite. 

An  orange-coloured  substance  is  rather  abundant,  and  forms  a  striking  object  in 
these  slices,  regarding  which  it  is  difficult  to  speak  very  positively.  At  first  sight  it 
looks  like  a  mineral,  but  it  plays  the  r61e  of  a  glassy  base ;  it  is  absolutely  without 
external  form  or  cleavage,  and  nearly  all  of  it  is  inert  between  crossed  nicols* 
Occasionally  it  polarises  feebly  in  its  own  natural  colour.  Closely  allied  to  this  is  a 
dark-green  substance,  which  in  polarised  light  is  perfectly  isotropic.  Soaking  in  hot 
hydrochloric  acid  sufficiently  long  to  completely  remove  the  haematite,  and  magnet- 
ite, makes  scarcely  any  impression  on  the  orange  substance,  and  little  on  the  green, 
that  is  to  say,  it  removes  the  green  colour,  and  converts  the  orange  into  a  dull  red, 
but  leaves  a  glass  behind  absolutely  inert  in  polarised  light. 

On  the  whole,  then,  I  have  come  to  the  conclusion  that  both  the  bright-orange  and 
the  dull-green  substances,  represent  the  original  magma,  or  glassy  base  of  the  rock, 
and  that  they  owe  their  mineral  appearance  to  iron  colouration. 
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The  larger  felspar  crystals  contain  glass  inclusions  with  fixed  bubbles.  The 
felspar  appears  to  belong  to  the  labradorite-anorthite  group. 

No.  4. — ^This  specimen  was  labelled  *  average  basaU :  One  Tree  Hill^ 
quarries.     Belgaum.* 

It  is  a  perfectly  compact  trap,  of  dark-grey  colour. 

Under  the  microscope  this  is  seen  to  be  a  fine-grained  rock,  composed  of 
prisms  of  plagioclase  felspar  and  granular  augite,  with  some  magnetite  ;  in  \vhich 
ground-mass  comparatively  large  crystals  of  triclinic  felspar  are  porphyritically  im- 
bedded. Some  of  the  grains  of  augite  are  of  considerable  size,  but  none  of  them 
show  any  approach  to  external  crystallographic  form. 

The  remains  of  the  original  glassy  base,  in  part  of  green  colour,  and  in  part 
reddish-brown,  is  visible  here  and  there.  What  I  take  to  be  the  glassy  base  exhibits 
undulating  marginal  lines  of  colour  that  follow  the  borders  of  the  bounding  minerals. 
This  appearance  has  been  described  by  Zirkel  in  his  Microscopical  Petrography, 
p.  234,  and  depicted  in  Plate  XI,  fig.  1,  of  that  work.  Zirkel  described  this 
substance  as  the  globulitic  base  of  an  altered  basalt,  metamorphosed  into  ajnygda- 
toidal  nests.  In  the  case  of  the  Belgaum  rock,  however,  the  metamorphism  can 
hardly  have  proceeded  beyond  the  colouration  of  the  glassy  base,  for  boiling  in 
hydrochloric  acid  makes  little  or  no  impression  on  it.  It  has  no  action  on  pola- 
rised light. 

The  felspar  belongs  to  the  labradorite-anorthite  group. 
No.  5.* — From  a  dyke  more  than  100  yards  wide,  in  the  Satpuri  basin  of  Gondwdna 
rocks ;  believed  to  be  Deccan  trap,  which  appears  to  have  once  covered  the  Gond- 
w4nas  of  the  Sdtpura  region  (Manual,  Geology  of  India/ Part  I,  pp.  213,  214). 

This  is  a  large-grained,  perfectly  holocrystalline  dolerite,  exhibiting  no  trace 
of  a  glassy  base.  Indeed  in  structure  this  rock  approximates  to  a  gabbro.  (Judd, 
Q.  J.  G.  S.xlii,  62.) 

The  whole  of  the  felspar  is  triclinic,  and  the  prisms  of  which  it  is  com- 
posed are  massed  together  solidly,  rather  than  in  lath-shaped  forms.  The  augite 
is  granular,  but  massive  ;  and  its  mutual  relation  to  the  felspar  is  more  granitic  than  in 
a  true  lava.    Apatite,  magnetite,  or  ilmenite,  and  some  iron  pyrites  occur  in  the 

rock.    The  felspar  is  much  altered  in  places,  and  the  augite  is|changed  along  cracks 
into  a  fibrous  substance. 

General  Remarks, 

For  the  whole  of  the  specimens  described  in  this  paper  I  am  indebted  to  Mr. 
Medlicott,  Director  of  the  Geological  Survey  of  India.  The  Deccan  Trap  samples 
were  received  some  years  back ;  the  Rajmahil  ones  recently. 

*  Foote  :  Mem.  Geol.  Sur.,  India,  XII,  p.  182. 

•  Survey  number  43-2.  The  specimen  was  taken  from  the  bottom  of  the  deep  gorge 
about  a  mile  west  of  Kordngla  Hill  (2,221  feet,  Lon.  78°  42'.  Lat.  22",  34'),  on  the  same  dyke, 
may  be  900  feet  higher  than  the  gorge.  This  great  dyke,  and  several  others  in  thi«*  field,  are 
many  miles  in  length,  and  suggest  fissure-eruption,  rather  than  volcanic  vents.  From 
Kordngla  a  great  loop-dyke  emerges  to  the  north,  and  joins  again  some  5  miles  to  the  west, 
forming  a  bow-shaped  ring  rcurd  the  Mirakota  plateau,  of  Mahadeva  sandstone. — H.  B.  M. 
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All  the  Rajmahdl  rocks  described  in  the  preceding  pages,  except  No.  446,  are 
true  lavas.  No.  446  (Betia  Hill),  on  the  contrarj^  belongs  to  the  plutonic  class  of 
igneous  rocks ;  and  its  perfectly  granitic  structure  shows  that  it  was  consolidated  at 
some  distance  from  the  surface.  Whether  it  formed  part  of  a  dyke ;  or  whether  the 
mass  from  which  this  sample  was  taken  constituted  the  root  of  one  of  the  Rajmahal 
craters,  it  is  impossible  to  say  from  the  examination  of  this  hand  specimen.  I  have 
not  been  able  to  trace  any  notice  of  Betia  Hill  in  the  Manual  of  the  Geology  of 
India,  or  in  Mr.  Ball's  memoir  on  the  Rdjmahal  Hills.  I  infer  from  the  observa- 
tions at  page  170,  Manual,  Part  I,  that  Betia  Hill  was  not  suspected  to  be  the 
root  of  an  old  volcano;  but  as  the  specimen  was  labelled  ^*  basalt"  by  whoever 
collected  it,  it  might  be  worth  while  for  some  future  observer  to  take  another 
look  at  Betia  Hill.  The  trap  is  certainly  not  a  lava.  It  is  a  diorite  of  granitic  struc- 
ture, and  very  probably  indicates   the  site  of  one  of  the  old  Rdjmdhdl  volcanoes. 

A  similar  remark  applies  to  the  Deccan  trap  specimen  from  the  Sitpura  Hills. 
Though  its  structure  is  not  so  decidedly  granitic  that  the  rock  can  be  classed  as  a 
plutonic  one ;  nevertheless,  it  is  perfectly  holocrystalline  and  appoximates  in 
structure  to  a  gabbro.  Clearly  the  consolidation  of  the  rock,  and  the  crystalliza- 
tion of  its  component  minerals,  took  place  under  considerable  pressure.  The 
sample  was  taken  from  a  dyke  of  great  width,  shooting  up  through  the  Gondwina 
rocks,  which  seem  nearly  surrounded  by,  and  to  have  been  formerly  overlain 
(Manual  pp.  213,  214)  by  Deccan  trap;  and  we  have  here,  I  should  think,  the  site  of 
one  of  the  missing  volcanic  foci.  Doubtless  when  the  microscopic  examination  of 
the  Deccan  traps  in  the  laboratory  goes  hand  in  hand  with  their  close  and  detailed 
examination  in  the  field,  thtf  general  absence  of  traces  of  the  volcanic  vents  from  which 
the  Deccan  and  Rajmahal  traps  were  poured  forth  will  no  longer  be  complained 
of. 

No  connection  between  the  Deccan  and  Rdjmahdl  traps  has  been  traced 
(Manual,  xli) ;  and  the  suggestion  of  some  geologists  that  the  "  Rijmahdl  traps 
of  the  upper-Gondwana  period,  and  the  Deccan  traps  are  portions  of  one  continuous 
series  of  outbursts,"  is  not  favoured  in  the  Manual :  on  the  contrary,  the  conclu- 
sion is  arrived  at,  that,  "in  the  absence  of  any  direct  evidence,  it  is  premature  to 
suggest  that  there  is  any  connection  between  the  two  formations,  or  to  class  them 
as  portions  of  one  great  igneous  series." 

That  being  the  state  of  the  case,  it  may  not  be  uninteresting  to  enquire  whether 
the  microscope  throws  any  light  on  the  subject.  Without  intending  to  imply  any 
intimate  connection  between  the  two  series  in  point  of  time,  I  think  the  study 
of  the  above  described  samples,  though  few  in  number,  suggests  the  probability 
of  their  having  a  deep-seated  common  origin.  The  Rajmahdl  lavas  seem  to  belong 
to  precisely  the  same  type  of  rock  as  the  Deccan  traps.  They  do  not  differ,  for 
instance,  from  each  other  as  the  lavas  of  Aden  do  from  those  of  Bombay ;  on  the 
contrary  I  do  not  think  that  any  one  examining  unnamed  specimens  of  the  Rijma- 
hil  or  Deccan  traps  could  possibly  say,  from  any  evidence  revealed  by  the  micro- 
scope, which  series  he  was  dealing  with. 

In  all  the  samples  described  in  this  paper,  as  well  as  those  in  my  previous  one 
on  the  "  Basalts  of  Bombay,"  the  entire  absence  of  olivine  is  a  noticeable  feature. 
Olivine  is  certainly  present  in  considerable  abundance  in  some  Deccan  traps. 
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and  in  some  Rdjmahdl  traps  (Manual,  Geology  of  India,  Part  I.,  pp.  170,  302), 
thoagh  it  is  specially  mentioned  in  connection  with  the  coarsely  crystalline  varieties ; 
nevertheless,  the  entire  absence  of  this  mineral  in  every  one  of  the  samples  from 
widely  different  localities,  that  I  have  examined,^  is  a  circumstance  that  seems  to 
possess  considerable  significance.  In  the  face  of  it  I  may,  I  think,  fairly  infer  that 
olivine  is  generally  absent  from  the  Deccan  and  the  Rajmahal  traps ;  and  that  when 
present,  it  is  an  exceptional  rather  than  a  regular,  and  characteristic  constituent. 

In  view  of  this  fact,  the  question  arises  what  are  these  lavas  to  be  called  ?  They 
have  always,  heretofore,  from  their  macroscopic  aspect  been  termed  dolerites  and 
basalts.  In  my  paper  on  the  Bombay  traps,  I  said  that  "  a  good  case  might  be 
made  out  for  classing  the  Bombay  rocks  with  augite-andesites  rather  than  with 
basalts"  (Records,  xvi.-49),  though  I  preferred,  for  reasons  stated  therein,  to  retain 
the  name  that  had  hitherto  been  given  to  them. 

Professor  Judd,  speaking  of  the  rocks  of  Fiji  (Q.  J.  G.  S.,  xlii,  427),  writes  "aUhough 
both  of  these  rocks  have  the  general  aspect  of  basalts,  yet,  as  olivine  is  absent 
from  them,  I  follow  the  great  majority  of  continental  petrographers  in  classing  them 
with  the  pyroxene-andesites.  I  believe  this  course  is  practically  more  convenient 
than  that  of  extending  the  groups  of  basalt  and  dolerite  by  including  in  them  the 
larger  part  of  the  pyroxene-andesites."  No  doubt  the  presence  or  absence  of 
elivine  is  a  most  important  fact ;  but  alas !  for  the  working  microscopist,  it  is  the  first 
mineral  to  decay;  and  although  the  original  presence  of  olivine  may  often  be 
detected  when  it  is  going,  or  just  gone ;  it  cannot,  I  think,  be  detected  after  decay 
has  advanced  beyond  a  certain  stage  without  drawing  on  the  scientific  imagination 
more  liberally  than  it  is  safe  to  do. 

However,  as  it  would  be  useless  to  set  up  a  nomenclature  of  my  own,  it  would 
seem  to  follow  that  the  rocks  described  in  this  paper,  excepting  only  the  enstatite- 
diorite  of  Betia  Hill,  must  be  called  augite-andesites.  The  Sendurgusi  Hill  rock, 
with  the  aspect  of  a  trachyte,  will  have  to  be  called  an  andesite  as  it  contains  no 
sanidine. 

'  I  omit  from  this  generalization  two  or  three  slides  lent  me  by  Mr.  Medlicott  some  years 
ago.  I  did  not  see  the  hand  specimens  from  which  they  were  taken,  or  study  the  slices  in 
detail. 
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Some  nutes  on  the  Dolerite  of  the  Chor,  by  CoLONEL  C.  A.  McMahon^^ 

F.G.S. 

[Received  December  23rd,  1886.] 


No.  I.— A  compact  dark-grey  rock,  very  dense  and  very  hard.     Sp.  G.  307.     Batteori,.  Chor 

Mountain. 
No.  3. — A  compact  dark-grey  rock.     Sp.  G.  3'05.     Barela,  Chor  Mountam. 
No.  3. — A  similar  rock  from  between  Barela  and  Sohana,     Chor  Mountain. 

None  of  the  above  named  villages  are  entered  in  the  Government  of  India 
Survey  Map,  Sheet  No.  47.  Batteori  is  on  the  south  side  of  the  Chor,  on  the  road 
between  Nhdra  (Nara  of  map)  and  Tdlichoag,  both  of  which  places  will  be  found 
marked  on  Mr.  Medlicott's  map  (Vol.  iii,  Memoirs  G.  S.  I.)  near  the  edge  of  the 
gneissose  granite  ("granitoid  rocks"  of  map). 

Barela  is  on  the  western  flank  of  the  Chor,  at  the  edge  of  the  outcrop  of  gneissose 
granite,  and  is,  I  presume,  the  place  entered  on  the  above  mentioned  maps  a» 
Banallah. 

In  my  field  journal  1  have  noted  the  Batteori  rock  as  occurring  in  the  gneissose 
granite  above  the  village,  and  cutting  down  the  hill  side  in  the  direction  of  Tdlichoag. 
The  Barela  outcrop  occurs  as  a  dyke  in  mica  schists,  within  a  few  yards  of  a  garneti- 
ferous  hornblende  rock.  This  dyke  is  on  the  crest  of  the  ridge  just  above  the 
village,  but  another  outcrop  of  it  is  to  be  found  500  or  600  feet  below,  just  above 
the  bed  of  the  stream.  It  appears  there  between  beds  of  felspathic  and  mica  schists, 
but  the  outcrop  is  cut  of!  abruptly  at  both  ends,  and  does  not  extend  for  any  distance 
as  a  continuous  sheet. 

Sohana  is  entered  on  both  the  above  mentioned  maps,  in  a  line  between  Barela 
and  Talichoag.     1  gather  from  my  journals  that  the  outcrop  between  Barela  and 

Sohana  is  in  mica  schist.  This  rock  is  evidently  the  dense  trap  alluded  to  in  the 
Memoirs,  Geological  Survey,  III,  42. 

I  have  examined  nine  thin  slices  of  the  above  rocks  under  the  microscope,  and 
the  result  shows  that  the  trap  retains  essentially  the  same  character  throughout^ 
Following  the  nomenclature  adopted  by  Professor  Judd  in  his  recent  papers  (Q.J.G.S., 
xlii,  61,  62)  it  may  be  classed  as  a  dolerite  verging  towards  a  gabbro. 

The  examination  of  thin  slices  under  the  microscope  shows  that  the  Chor 
dolerite  is  a  perfectly  holocrystalline  rock.  It  is  composed  of  triclinic  felspar  in  the 
form  of  lath-shaped  crystals  (namely,  small  elongated  prisms)  imbedded  in  a  ground 
mass  of  augite  which  plays  the  r61e  of  a  magma,  or  base.  Olivine,  magnetite,  red 
mica,  and  apatite,  are  also  component  crystals. 

The  felspar  is  all  twinned  on  the  albite  plan ;  but  pericline  macles  are  not  unfre- 
quent  and  baveno  twins  also  occur.  Judging  from  its  optical  characters  the  felspar 
belongs  to  the  labradorite-anorthite  group,  and  more  than  one  species  would  seem 
to  be  present.  In  one  of  the  Batteori  specimens  a  few  comparatively  large  felspars 
occur,  otherwise  they  are  all  in  the  form  of  elongated  prisms  matted  together. 

Even  in  the  thinnest  slices,  the  felspars  are  tinted  a  pale,  reddish-buff  colour.  This 
seems  to  be  a  special  characteristic  of  the  Chor  dolerite ;  it  is  common  to  all  the 
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specimens  describedfin  this  paper,  and  I  have  not  met  with  any  thing  resembling 
this  tint  in  the  felspar  of  other  rocks.  It  is  doubtless  connected  with  the  presence  of 
a  large  amount  of  iron  in  this  dolerite,  but  the  colouring  matter  is  so  finely  dissemi- 
nated that  the  highest  magnifying  powers  applicable  are  insufficient  to  determine  its 
source. 

'*  Schillerization  "  has  been  set  up  in  all  the  felspars,  and  amongst  other  microsco- 
pic inclusions  opacite  is  abundant.  These  products  of  alteration,  however,  are  very 
minute,  showing  that  the  process  of  schillerization  had  not  extended  far. 

The  augite  is  quite  colourless  in  transmitted  light,  and  is  very  fresh.  It  is  not 
anfrequently  twinned,  but  it  never  shows  any  trace  of  external  ciystallographic  form. 
Club-shaped  grains  of  this  mineral  are  not  uncommon. 

The  most  interesting  mineral  in  the  rock  is  olivine,  for  it  is  in  almost  precisely 
Uie  condition  of  the  black  olivines  described  by  Professor  Judd,  in  his  paper  on  the 
Peridotites  of  Scotland  (Q.J.G.S.,  xli,  382^,  the  development  of  opacite,  magnetite, 
or  other  iron  oxide,  within  the  mineral,  being  due  to  the  process  called  schillerization. 
I  may  note,  in  passing,  that  when  I  showed  one  or  two  of  these  slices  to  Professor 
Judd  some  years  ago,  he  at  once  confirmed  my  supposition  that  the  mineral  is 
olivine.  In  all  these  slices  this  mineral  presents  a  uniform  character.  It  is  very 
dark,  owing  to  the  development  of  a  fine  dust  of  opacite  along  certain  plains,  which 
dust  occasionally  arranges  itself  in  very  fine  lines ;  at  other  times  magnetite  h^  ^^en 
developed  to  such  an  extent  that  only  small  eyes  of  olivine  have  here  and  there 
been  left  undecomposed.  In  some  specimens  a  still  further  change  has  set  in ; 
namely,  the  magnetite,  or  titaniferous  iron,  has  been  lemoved,  and  a  whitish,  opaque 
substance  resembling  leucoxene  has  been  left  behind. 

In  rather  thick  slices  the  olivine  is  feebly,  but  distinctly,  dichroic ;  and  with  the 
^d  of  converging  polarised  light,  the  double  refraction  of  the  mineral  is  seen  to  be 
X>08itive.  The  olivine  is  in  shapeless  grains  ;  and,  as  is  usual  with  this  mineral,  though 
grains  are  much  cracked,  the  cracks  give  no  clue  td  the  crystallographic  shape 
I  the  mineral.  These  cracks  are  apparently  due  to  the  strain  caused  by  the  cooling 
I  the  rock  at  the  time  of  its  consolidation,  for  the  schillerization  process  has  been 
JLtensively  set  up  along  them,  the  substance  developed  being  a  dusty-looking  iron 
tside,  and  not  serpentine.  The  latter  mineral  would  doubtless  have  been  formed 
^Etdthe  alteration  been  caused  by  sub-aerial  agencies.  Some  of  the  iron  in  these  oli- 
nes  is  certainly  magnetite,  for  it  has  occasionally  segregated  in  crystals  that  on  being 
ced  have  yielded  square  and  triangular  forms. 

Apart  from  the  olivine,  magnetite  is  also  abundantly  developed  in  the  rock.     It 
frequently  surrounded  by  red  mica,  which  in  transmitted  light,  varies  in  colour 
m  greenish-yellow  to  a  rich  orange-brown.    The  mica  is  powerfully  dichroic,  and 
Jongs  to  the  group  that  used  to  be  referred  to  the  hexagonal  system. 
Apatite  is  abundant  in  the  Batteori  specimens. 

No.  4. — ^My  next  specimen  comes  from  Nhdra  (Nara)  on  the  south  flank  of  the 

or— the  vilhge  alluded  to  above.    A  little  to  the  south  of  Nhdra,  the  road  from 

passes  over  a  ridge  running  east  and  west.    This  ridge  is  capped  with  50  or 

feet  of  massive,  white,  crystalline  limestone,  weathering  grey,  which  rests  on  thin 

^('^dded  mica  schists,  dipping  south,  at  an  angle  that  varies  much  within  a  few  yards. 

y^^  trap  is  intrusive  in  the  schists  and  in  the  limestone. 

H 
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The  microscopic  examination  of  thin  slices  of  this  rock  shows  that  it  is  the  same 
as  that  previously  described.  In  structure  it  is  perfectly  holocrystalline.  The  aagite 
is  more  abundant  relatively  to  the  felspar  than  in  the  other  specimens,  and  both  the 
augite  and  the  felspar  are  deeper  in  tint.  Apatite,  red  mica,  and  magnetite,  or  ilme- 
nite,  are  abundant.  Olivine  is  present  as  usual,  but  it  does  not  present  the  dark|- 
dusty  appearance  of  the  other  specimens.  It  has  been  more  completely  converted, 
however,  into  magnetite,  or  ilmenite,  and  the  white  decomposition  product  of  the. 
latter,  though  characteristic  eyes  of  undecayed  olivine,  may  still  be  seen  in  it  here 
and  there. 

No.  5. — ^This  specimen  was  collected  at  Serai,  a  village  on  the  north-east  flank  of 
the  Chor,  close  to  the  margin  of  the  gneissose-granite.  The  proper  name  of  the  place 
is,  I  think,  Seraifi  (silent  n),  the  name  of  one  of  the  local  demons  of  the  Chor,  and 
converted,  through  piety  or  ignorance,  by  a  Mahommadan  scribe  into  the  Serai  of  the 
map.  The  outcrop  occurs  as  a  dyke  in  thin-bedded  mica  schists,  and  is  well  exposed 
near  a  waterfall  in  a  vdlley  to  the  west  of  the  village. 

The  very  peculiar  colour  of  the  felspar,  as  seen  in  thin  slices  under  the  micro- 
scope, shows  that  this  dolerite  is  the  same  rock  as  that  which  occurs  on  the  south  of 
the  Chor.  The  felspar  is  disposed  to  be  more  massive  than  in  the  other  specimens ; 
but  between  crossed  nicols  it  breaks  up  into  well-twinned  crystals  of  triclinic  felspar ; 
and,  as  in  the  other  samples  from  the  Chor,  characteristic  lath-shaped  prisms  of 
this  mineral  are  imbedded  in  the  augite. 

Apatite,  brown  mica,  and  magnetite  are,  as  usual,  abundant ;  and  some  epidote 
is  present  as  a  secondary  product.  Indeed,  this  specimen  is  a  good  deal  decom- 
posed.' The  augite  has  been  in  part  converted  into  hornblende  and  in  part  into 
micaceous  chlorite.  Similarly,  the  felspar  has  here  and  there  been  changed  into  a 
saussuritic  mineral,  and  is  invaded,  more  or  less,  by  micaceous  chlorite. 

This  slice  contains  no  olivine  ;  but  I  have  only  one  slice,  and  I  cannot  lay  my 
hands  on  the  hand  specimen.  Of  the  outcrop  itself,  however,  I  have  a  distinct  recol- 
lection ;  and  I  have  not  only  the  entry  in  my  journal  but  a  sketch  of  one  portion  of 
the  dyke,  showing  its  relation  to  the  schists. 

No.  6.— My  last  specimen  comes  from  Roru,  a  village  24  miles,  as  the  bird  flies, 
from  the  Chor  in  a  north-easterly  direction.  It  is  situated  at  the  confluence  of  the 
Pabar  and  Sikni  rivers,  on  the  road  to  the  Shatul  and  Borenda  passes.  The  outcrop 
of  the  dolerite  occurs  a  little  south  of  Roru,  about  a  quarter  of  a  mile  from  Serai,^  as 
a  dyke  in  mica  schists. 

The  felspar  of  this  rock  is  all  of  reddish^dun  colour,  of  exactly  the  same  tint  as 
the  mineral  of  the  other  specimens.  It  is  a  very  peculiar  colour,  and  I  think  it  is 
sufficient  to  identify  the  Roru  rock  as  an  offshoot  of  the  Chor  dolerites.    . 

The  structure  is  more  granitic  than  in  the  other  specimens ;  the  felspar  is  more 
massed  together  ;  but  under  crossed  nicols  it  all  breaks  up — even  the  more  massive 
looking  portion — into  long  prisms  (lath-shaped  crystals)  of  triclinic  felspar.  The 
latter  mineral  belongs  to  the  labradorite-anorthite  group. 

Augite  is  abundant,  and,  as  compared  with  the  other  specimens,  it  is  grouped 
more  massively.  It  has  been,  to  a  considerable  extent,  converted  into  secondary 
hornblende ;  and  this  slice  affords  numerous  and  instructive  instances  of  the  con- 

'  Not  the  village  alluded  to  ante. 


PART  a.]        McMahon  :  Notes  on  the  Dolerite  of  the  Chor.  115 

version  of  the  one  mineral  into  the  other  by  processes  set  up  after  the  first  consoli- 
dation of  the  rock.  Clear^  colourless  augite,  often  presenting  its  characteristic  cross 
cleavage  lines  to  view,  frequently  constitutes  the  kernel  of  grains,  the  whole  of  the 
outside  being  formed  hornblende.  At  other  times  nearly  the  whole  has  been  con- 
verted into  hornblende,  small  patches  of  clear  augite,  with  well-marked  cross  cleav- 
age lines,  having  been  left,  here  and  there,  in  the  midst  of  the  hornblende. 

It  is  interesting  to  note  that  the  metamorphism  of  the  augite  is  not  a  mere  altera- 
tion in  the  colour  of  that  mineral ;  but  that  it  involves  a  complete  change  in  its 
internal  molecular  structure  and  optical  properties ;  thus  the  converted  mineral,  as 
fnay  be  seen  in  this  slice,  has  not  only  acquired  colour  and  strong  dichroism ;  but 
a  sensible  modification  has  resulted  in  its  cleavage  and  in  the  angle  of  extinction ;  the 
angle  at  which  the  cleavage  lines  intersect  each  other,  and  the  angle  at  which  extinc- 
tion takes  place,  differing  considerably  in  the  amphibole  and  in  the  par^t  pyroxene 
that  forms  the  kernel  of  the  crystalline  mass.  In  one  case  in  which  the  augite  is 
twinned,  the  external  margin  of  secondary  hornblende  is  also  twinned,  but  the 
twinning  plane  has  been  shifted  a  little  on  one  side,  and  is  not  in  exact  continuation, 
or  in  quite  a  straight  line  with  the  twinning  plane  of  the  augite. 

Apatite  is  abundant,  whilst  ilmenite  and  mica  (part  of  the  latter  being  of  red  and 
part  of  clear  green  colour)  are  present  as  secondary  minerals. 

The  ilmenite  exhibits  its  characteristic  rhomboidal  lines;  and  in  some  cases  the 
deposit  of  iron  along  these  crystallographic  lines  has  been  so  small  that  the  section 
of  the  mineral  in  the  thin  slice  appears  as  a  mere  skeleton ;  the  external  shape, 
however,  and  the  internal  spaces  being  very  sharply  defined.  As  these  spaces  are 
filled  with  other  minerals,  the  effect  produced  is  clearly  not  due  to  the  cutting  and 
grinding  of  the  slice ;  the  absence  of  leucoxene,  on  the  other  hand,  is  opposed  to  the 
supposition  that  the  internal  spaces  are  due  to  decay.  The  conclusion  at  which  I 
have  arrived  therefore  is  that,  in  this  particular  case,  the  ilmenite  is  a  secondary  mi- 
neral, and  was  deposited  along  with  the  secondary  mica.  The  secondary  character 
of  the  latter  mineral  is  clearly  seen  from  the  way  in  which  it  invades  the  substance 
of  the  felspar. 

The  felspar  and  the  hornblende  in  this  slice  have  been  to  a  considerable  extent 
schillerized,  though  it  is  possible  that  the  process  may  have  taken  place  prior  to  the 
conversion  of  the  augite  into  hornblende.  The  presence  of  the  schiller  inclusions 
has,  in  every  case,  either  interfered  with  the  development,  or  the  alteration  set  up 
has  obliterated  all  trace  of  the  characteristic  hornblende  cleavage.  When  the  horn- 
blende  is  clear,  it  is  highly  coloured  and  exhibits  characteristic  cleavage  lines ;  where 
the  schiller  inclusions  are  abundant,  there  is  no  trace  of  cleavage ;  in  the  latter  case, 
double  refraction  is  not  so  strong ;  the  colour  is  less  marked,  and  under  crossed 
nicols  the  polarisation  is  confused  and  indeterminate. 

The  most  prominent  of  the  schiller  material  is  an  oxide  of  iron,  which  when  in 
hrge  grains  is  red  and  translucent.    It  is  invariably  devoid  of  crystalline  form. 

I  have  not  observed  any  trace  of  olivine  in  this  slice ;  but  as  I  have  had  an  op- 
portunity of  examining  one  slice  only  I  do  not  think  it  is  desirable  to  lay  much 
stress  on  this  point.  Even  if  a  more  extensive  examination  of  the  Roru  outcrop 
failed  to  reveal  the  presence  of  this  mineral,  all  that  I  should  be  disposed  to  infer 
from  the  fact  is  that  it  is  locally  absent :  that  the  Roru  rock  forms  a  portion  of  the 
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same  eruptive  mass  as  the  highly  basic  rock  of  the  Chor  I  see  no  reason  to 

doubt. 

General  Remarks. 

The  mode  of  occurrence  of  the  Chor  dolerite  shows  that  it  is  an  intrusive  and 
not  a  contemporaneous  eruptive  rock,  and  the  examination  of  thin  slices  under  the 
microscope  bears  out  the  result  of  field  observations.  In  structure  the  rock  is  com. 
pletely  holocrystalline,  with  a  tendency  towards  being  granitic.  That  is  to  say,  it  is 
more  nearly  allied  to  a  gabbro  than  to  a  lava. 

The  peculiar  colour  of  the  felspar,  and  the  extent  to  which  the  olivine  is  impreg- 
nated with  iron,  are  points  which  may  be  useful  in  leading  to  the  identification  of 
the  rock  in  neighbouring  localities. 

It  is  now  ten  years  since  I  visited  Batteori,  and  I  have  no  recollection  of  the 
particular  Qptcrop  at  that  village,  but  I  see  no  reason  to  doubt  the  correctness  of  the 
entry  in  my  field  journal  that  the  outcrop  is  in  what  we  now  call  the  gneissose 
granite.  The  exact  wording  of  the  entry  is  as  follows — **  At  Batteori  a  very  dense 
heavy  trap  occurs  in  the  granitoid  gneiss.  I  traced  it  for  some  distance  above  the 
village.  It  finally  cut  down  the  hill  side  across  the  road  in  the  direction  of 
Tdlichoag."  The  outcrops  at  Barela,  Batteori,  and  Nhdra,  therefore  would  appear, 
roughly  speaking,  to  be  in  a  line  with  each  other.  Near  Barela  it  occurs  in  the 
mica  schists,  near  the  boundary  of  the  gneissose-granite ;  at  Batteori  it  occurs  in 
the  gneissose.granite  itself ;  it  then  edges  away  from  the  latter  rock,  and  appears  in 
mica  schists  at  Nhira,  and  in  the  crystalline  white  limestones  resting  on  them. 

Corresponding  outcrops  also  appear  on  the  opposite  side  of  the  Chor,  at  Serai 
(near  the  margin  of  the  gneissose-granite)  and  at  Roru,  distant  24  miles  from  the 
Chor.  When  the  neighbourhood  of  the  Chor  comes  to  be  explored  it  will  doubtless 
be  found  in  other  places  also. 

Going  hand  in  hand  with  the  determination  of  the  eruptive  character  of  the 
gneissose-granite,  discussed  in  previous  papers,  was  the  question  of  age,  and  there 
seemed  to  be  good  reasons  for  referring  it  to  the  tertiary  period.  If  this  conclusion 
be  sound,  the  dolerite  of  the  Chor  would  seem  to  be  of  tertiary  age  also,  for  it  appears 
to  be  intrusive  in  the  gneissose-granite  at  Batteori. 

The  occurrence  of  highly  basic  eruptive  rocks  of  undoubtedly  tertiary  age  in  the 
Central  Himalayas  has  already  been  noted  (Records  XIX,  115,  and  references  quoted 
therein)  ;  and  I  think  it  probable,  therefore,  that  the  dolerite  of  the  Chor  may  be 
referred  to  the  period  of  the  final  building  up  of  the  Himalayas. 

At  many  of  the  places  noted  in  this  paper,  and  at  numerous  others  in  the 
neighbourhood  of  the  Chor,  hornblende  schists,  and  amphibolites,  occur,  which 
present  a  strong  resemblance  to  those  of  the  Satlej  valley. 

I  have  examined  a  good  many  thin  slices  of  hornblende  rocks  from  the  follow^ 
ing  localities;  namely,  from  Nhira,  and  Barela  on  the  Chor  (two  of  the  localities 
where  the  dolerite  occurs)  ;  from  Jdbal  (Jabal  of  map)  about  18  miles  from  the  Chor 
in  a  north-north-east  direction  (the  outcrop  occurs  near  the  top  of  the  pass  lead- 
ing over  into  Kotkai)  ;  from  between  Kadara  and  Sungri  (on  the  moifntains  that 
overhang  the  Satlej  to  the  east,  near  Nirth) ;  and  form  the  waterparting  between 
the  Satlej  and  the  jObal  valleys. 

Under  the  microscope  these  Chor  hornblende  rocks  and  those  which  form  con- 
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necting  links  between  them  and  the  hornblende  rocks  of  the  Satlej  valley,  are  seen 
to  possess  common  features.  Hornblende  is  the  most  prominent  mineral,  constitu- 
ting the  great  mass  of  the  rock ;  quartz,  in  which  a  little  triclinic  felspar  is  inter- 
spersed  being  quite  subordinate. 

Garnets,  generally  of  microscopic  size,  are  frequently  present.  At  Barela  they 
are  of  large  size,  and  abound  both  in  the  amphibolite  and  in  the  mica  schists.  Any 
number  of  them,  of  very  perfect  crystalline  form,  that  have  fallen  out  of  the  decayed 
schists,  may  be  picked  up  on  the  roadside. 

Red  mica  is  very  constantly  present  in  the  amphibolite  and  in  many  of  the  thin 
slices  sphene  abounds.  When  the  latter  mineral  is  not  to  be  seen,  magnetite  is 
plentiful ;  but  in  the  slices  in  which  sphene  occurs,  magnetite  is  absent,  and  its 
place  is  taken  by  a  little  haematite. 

Epidote  may  be  seen  sparsely  in  some  of  the  slices. 

The  quartz  is  very  pellucid,  and  I  have  only  detected  the  presence  of  a  few 
liquid  cavities  with  moving  bubbles.  They  were  of  extremely  small  size.  Micro- 
liths  of  hornblende  were  abundant  in  it. 

This  rock  has  evidently  been  subjected  to  extreme  metamorphism,  and  it  is  im- 
possible to  determine  the  character  of  the  original  rock  from  the  microscopic  e  \\ 
amination  of  these  amphibelites. 


On  the  identity  of  the  Olive  Series  in  the  east,  with  the  Speckled  Sand- 
stone in  the  west,  of  the  Salt  Range,  in  the  Punjab,  by  Dr.  H.  Warth. 

In  February  last,  during  a  short  period  of  leave,  I  made  a  trip  to  the  Salt  Range 
chiefly  with  the  view  of  extending  the  observations  which  gave  rise  last  year  to  such 
interesting  geological  discussions,  both  local  and  general  ;^  and  I  was  so  fortunate  as 
to^ake  a  fresh  find  of  fossils  which,  with  other  observations,  must  be  taken  to  deter- 
mine the  identity  of  the  Speckled  Sandstone  (palaeozoic)  with  the  Olive  series  of  the 
eastern  sections,  hitherto  taken  to  be  cretaceous. 

The  crystalline  boulder-bed  in  the  Nilawdn  forms  the  base  of  Wynne's  Speckled 
Sandstone  series.  It  is  only  i^  feet  thick,  but  some  boulders  are  about  2  feet  in 
diameter.  Amongst  the  boulders  and  pebbles  of  crystalline  rock  there  occurs  a 
minute  proportion  of  pebbles  consisting  of  soft  bluish  rock  and  some  of  which  contain 
fossils,  Conulariay  Serpuliies,  etc.  Such  pebbles  were  found  in  the  boulder  bed  on 
the  left  and  on  the  right  sides  of  the  Nilawdn  gorge  opposite  the  Salt  mine,  also  to 
the  right  near  the  mouth  of  the  gorge.  Inside  of  the  gorge  the  strata  observed  were 
the  purple  sandstone,  then  the  boulder-bed,  above  that  greenish  sandstone,  then 
very  thick  beds  of  the  red  sandstone  (Wynne's  *  Speckled ')  overlaid  by  lavendei 
clays  and  more  recent  beds.  Near  the  mouth  of  the  gorge  there  was  also  seen  a 
remnant  of  the  Magnesian  Sandstone,  10  feet  below  the  boulder-bed,  recognized  by 
the  peculiar  lenticular  markings  described  by  Wynne  at  pages  88  and  153  in  the 
Salt  Range  memoir.*  About  50  feet  lower  the  Neoholus  shales  were  also  recog  • 
nized  by  the  minute  white  shells  which  Mr.  Wynne  first  discovered  in  them  at  other 

^Supra^  Vol.  XIX,  pp.  22,  127,  131.  •Mem.  Gcol.  Surv.  Ind.,  Vol.  XIV. 
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places  (J.  r.  pages  87  and  14a).  The  position  of  the  boulder-bed  at  the  base  of 
Wynne's  Speckled  Sandstone  is  thus  quite  undoubted. 

The  fossiliferous  pebbles  in  the  boulder-bed  of  the  Nilawin  are  the  same  as 
those  found  in  the  Olive  Series  of  the  eastern  Salt  Range.  Their  occurrence  leaves 
no  doubt  that  the  boulder-bed  in  the  Nilawdn  belongs  to  the  same  period  as  the 
boulder-bed  of  the  Olive  Series  in  the  eastern  Salt  Range ;  in  fact,  that  there  is  one 
and  the  same  boulder-bed  extending  throughout  the  whole  of  the  range. 

It  is  not  reasonable  to  imagine  such  a  coincidence  that  two  boulder-beds  should 
occur  in  close  proximity  consisting  of  the  identical  crystalline  rocks,  in  each  case 
showing  glacial  action,  and  in  one  case  enclosing  fossiliferous  pebbles,  and  in  the 
other  being  accompanied  by  a  regular  band  of  fossiliferous  pebbles  and  nodules  with 
identical  fossils,  and  yet  that  the  two  boulder-beds  should  belong  to  different  geo- 
logical periods.  They  must  be  identical,  and  the  fact  of  their  identity  makes  the  whole 
boulder-bed  palaeozoic,  because  the  Speckled  sandstone  underlies  the  Productus*lime- 
stone. 

I  noticed  distinctly  ice-polished  and  scratched  surfaces  amongst  the  boulders 
further  west  near  Varcha.  It  is  also  quite  possible  that  a  further  search  amongst  the 
thicker  portions  of  the  bed  near  Chidru,  and  other  places  west  of  Varcha,  might  re- 
sult in  the  discovery  of  the  facetted  boulders  known  from  Mount  Chel  and  other 
places  in  the  eastern  Salt  Range. 

The  identity  of  the  boulder-bed  involves  that  of  the  succeeding  strata,  the  Olive 
sandstone  series  and  the  Speckled  sandstone ;  the  apparent  contrast  between  these 
strata  being  easily  reconciled.  They  are,  as  Wynne  states,  rather  variable,  but  gene- 
rally the  following  may  be  recognized  in  descending  order : — 

Red  and  purple  clays.    (Lavender  clays.) 
Red  sandstones.    (Speckled.) 
Greenish  sandstones.    (Olive.) 
Darker  shales. 
Crystalline  boulder-bed.     (Conglomerate.) 

The  greenish  sandstones  predominate  and  are  more  in  view  in  the  east,  over  the 
area  of  Wynne's  Olive  series,  whilst  the  red  sandstones  are  more  strongly  developed 
towards  the  west,  over  the  area  of  Wynne's  Speckled  sandstones.  Although  less  pro- 
minent, the  red  sandstone  is  distinctly  present  in  the  east.  During  the  coal  explora- 
tion about  Dandot,  several  drifts  were  worked  through  these  red  beds.  The  purple 
clay,  with  its  peculiarly  crusted  surface  (/.  c,  p.  90),  was  also  well  observed  at  several 
places. 

The  red  sandstone  at  Pid  contains  petrified  wood  ;  brown  nodules  3  inches  thick 
with  calcite,  barite  and  other  crystals  inside ;  red  sandy  calcareous  balls,  i  inch 
thick,  often  several  of  them  joined  together ;  also  small  flat  discs  2  inches  in  diameter 
weathering  out,  often  perfectly  circular  (once  also  as  a  deceptive  imitation  of  a 
bivalve).  All  these  structural  characteristics  of  the  east  1  found  repeated  in  the 
Speckled  sandstone  of  the  west  at  Varcha,  and  some  of  them  also  at  Nilawan. 
Instead  of  difficulty  in  reconciling  the  different  characters  of  these  rocks,  we  have 
thus  on  the  contrary  additional  evidence  which  would  independently  render  the 
identity  of  the  rocks  extremely  likely. 

The  correspondence  of  the  two  areas  leads  of  course  to  some  discrepancies^  with 
certain  passages  in  Mr.  Wynne's  memoir,  but  they  are  all  capable  of  adjustme'^t. 
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On  page  92,  No.  8  (the  Salt-pseudomorph  series)  is  said  to  overlie  No.  5  (the 
Speckled  sandstone).  On  page  178,  the  Speckled  sandstone  No.  5  is  said  to  be 
apparently  succeeded  by  the  boulder-bed  No.  10,  but  on  page  177  discordances 
caused  by  slips  are  spoken  of  in  this  section.  On  pages  104  and  154  bivalves  in  the 
Olive  series  are  mentioned  as  having  a  cretaceous  aspect. 

These  casual  instances  cannot  shake  the  strong  evidence  in  favour  of  identity. 
It  must  therefore  be  accepted,  once  for  all,  that  the  tviro  series  are  one  and  the  same, 
and  it  may  be  as  well  to  name  the  united  series  for  the  present  the  Crystalline-Boulder 
Series.  This  name  is  all  the  more  suitable  because  both  at  the  eastern  and  the  western 
ends  of  the  range  the  crystalline  boulder-bed  is  the  only  representative  left  of  the 
series. 

This  new  united  series  comprises  the  whole  crystalline  boulder-bed  of  the  Salt 
Range  from  end  to  end,  all  the  strata  of  Wynne's  Speckled  sandstone,  and  all  the 
corresponding  eastern  strata  which  have  hitherto  been  classed  under  Wynne's  Olive 
series.  This  includes  all  the  red  sandstones  and  the  highest  red  clays  of  the  Olive 
series,  probably  also  the  last  coarse  white  sandstone  which  overlies  the  red  sandstone 
at  several  places.  Above  these  would  be  separated  the  haematite  clay  and  all  the 
shales,  sands,  and  calcareous  beds  with  the  coal,  or  the  Cardita^heaumonti  beds. 

An  unconformity  must  then  exist  between  the  Crystalline-boulder  series  and  the 
Cardita-heaumonti  beds,  although  the  signs  of  it  may  not  be  very  evident.  Traces 
of  the  unconformity  may  easily  be  obscured  amongst  the  plastic  and  crumbling 
materials  which  constitute  the  beds  with  the  coal.  It  is  obvious  what  the  new  se- 
quence of  the  different  series  of  the  Salt  Range  must  now  be.  The  following  is  their 
order  according  to  Wynne's  table,  page  69,  four  of  Wynne's  numbers  being  changed  ; 
the  adjustment  will  be  at  once  intelligible  from  an  inspection  of  his  diagramatic 
section,  Plate  IX. 

15.  Post-tertiary. 
I3i  I3i  I4«  Post-nummulitic  tertiaries. 
II.  Nummulitic  limestone. 
10.  Cardita-heaumonti  beds  with  coal. 

9.  Jurassic. 

8.  Ceratite  beds.    (Wynne's  No.  7.) 

7.  Productus  limestone.    (Wynne's  No.  6.) 

6.  Crystaliine-boulder  series.    (Wynne's  Nos.  5  and  10.) 

5.  Pseudomorphous  salt  crystal  zone.    (Wynne's  No.  8.) 

4.  Magnesian  sandstone. 

3.  Neobolus  beds. 

2.  Purple  sandstone. 
I.  Saline  series. 

Wynne's  geological  map  of  the  Salt  Range  shows  all  these  strata  in  their  proper 
places.  It  must  only  be  understood  that  the  Crystalline-boulder  series  is  represent- 
ed by  two  colours  ;  red  with  diagonal  shading  on  the  left  and  green  on  the  right. . 
The  red  comprises  the  area  where  the  red  and  speckled  sandstones  predominate, 
the  green  where  the  Olive  sandstones  are  more  prominent.  That  small  portion  of 
green  which  overlaps  the  red,  really  represents  Carditamheaumonti  beds. 

In  conclusion  we  may  hope  that  in  due  time  something  may  also  be  found 
amongst  the  Talchirs,  or  near  them,  to  completely  establish  the  truth  of  Dr.  Waagen's 
more  important  correlations  with  regard  to  the  Indian  coal  measures. 
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ADDITIONS  TO  THE  MUSEUM. 

From  ist  January  to  31ST  March  1887. 

Soondri  wood  from  15  to  18  feet  below  surface  and  4  feet  above  zero  of  tidal  gauge,  near 
Diamond  Harbour  Telegraph  Station. 

Presented  by  Mr.  S.  R.  Elson. 
Tooth  of  EueUphas  indicus  from  a  skull  found  at  a  depth  of  24  feet  in  the  delta  of  the 
Godavari,  at  Dowlaishweram. 

Presented  by  Mr.  T.  Vanstavern. 

Nine  fragments  of  pebbles  with  Conularia,  from  the  palseozoic  boulder  bed  in  the  Nila- 
wan,  Salt-Range. 

Presented  by  Dr.  H.  Warth. 
Five  specimens  of  fossil  plants  from  the  Iron-stone  measures,  Barakar. 

Presented  by  C.  Ritter  von  Schwarz. 

Turquoise  from  Los  Cerillos,  New  Mexico;  and  Native  Antimony  from  Prince  William 
York  Co.,  New  Brunswick. 

Presented  by  Mr.  G.  F.  Kunz. 
Three  specimens  of  jadeite  and  two  of  omphacite  ?,  from  Upper  Burma. 

Presented  by  Dr.  R.  Romanis. 


ADDITIONS  TO  THE  LIBRARY. 

From  ist  January  to  31ST  March  1887. 

Titles  of  Books,  Donors, 

Allen,  Alfred  /^.—Commercial  Organic  Analysis.    2nd  edition.     Vol.  II.     8*  London, 

1886. 

Ball,  John. — Peaks,  Passes  and  Glaciers.    3rd  edit'on.    8**  London,  1859. 

H.  F.  Blanford. 

Bbcker,  George  F, — The  texture  of  massive  rocks.     8"  Pam,     New  Haven,  1887. 

The  Author. 

Brrthibr,  Pierre. — Traitd  des  essais  par  la  Voie  S^che,  ou  des  propridt^s  de  la  compo- 
sition et  de  I'  essai  des  substancei  m6talliques  et  des  combustibles. 
Tome  I— II.    8**  Paris,  1848.  H.  F.  Blanford. 

Brbithaupt,  August.— Uxt  Paragenesis  der  Mineralien.    8**  Freiberg,  1849. 

H.  F.  Blanford. 

Bronn's    Klassen  und  Ordnungen  des  Thier-Reichs.     Band  II,  Porifera,  lief.  i2-i6. 

8*  Leipzig,  1887, 

Cornalia,  £mile. — Mammif^res  Fossiles  de  Lombardie.    4**  Milan,  1 858-1871. 

J.  Wood-Mason. 

Cotta,  Bernhard. — Gangstudien   oder  Beitrage  zur  Kenntniss  der  Erzgange.     Band 

II.    8**  Freiberg.  1854.  H.  F.  Blanford. 

Dupont,  JSdouard—SuT  le  Famennien  de  la  Plaine  des  Fagnes.    8'  Pam.     Bruxelles, 

1886.  The  Author. 

Encyclopsdia  Britannica.    9th  edition.     Vol.  XXI.     4°  Edinburgh,  1886. 

II 
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titles  of  Books.  Donors. 

Fbistmantbl,  Ottokar. — Preliminary  report  and  notes  on  the  Flora  of  the  Kurhurbali 

coal-field,  its  importance  and  relations  to  that  of  the  Talchir  shales  and 
Damuda  Series.    8*'  Calcutta,  1887.  H.  B.  Medlicott. 

Forrest,  Thomas, — A  voyage  from  Calcutta  to  the  Mergtu  Archipelago,  lying  on  the 

east  side  of  the  Bay  of  Bengal.    4°  London,  1792. 
Gavarret,  y.— Trait6  d'  Electricity.    Tome  I— IL    8**  Paris,  1807-1808. 

H.  F.  Blanford. 

GuNTHER,  5'«^tt«i.  — Lehrbuch  der  Geoph)rsik'und  Physikalischen  Geographie.    Band 

I— IL    8*  Stuttgart,  1884-1885. 
Hartmann,  Car/.— Ueber  die  mechanische  Aufbereitung  der  silberhaltigen  Bleierze  am 

Oberharze.     8**  Weimar,  1853.  H.  F.  Blamford. 

Krrl,  5r««o,— Handbuch  der  metallurgischen  Huttenkunde.  Band  I — IIL  8®  Frei- 
berg, 1855.  H.  F.  Blanford. 

Lartst,   Edouard,  and  Christy,  Henry. — Reliquiae  Aqui tan icae ;  being  contributions 

to  the  Archaeology  and  Palaeontology  of  Pdrigord  and  the  adjoining 
provinces  of  Southern  France.  Edited  by  Thomas  Rupert  Jones.  4* 
London,  1875. 

LYDEKKERf  Richard. — Description  of  a  jaw  of  Hyotherium  from  the  Pliocene  of  India. 

8**  Pam.     London,  1887.  The  Author. 

Lydbkrer,  Richard.— The  Cetacea  of  the  Suffolk  Crag.    8*  Pam.     London,  1887. 

The  Author. 

Marcou,  John  Belknap. — A  list  of  the  Mesozoic  and  Cenozoic  types  in  the  collections 

of  the  United  States  National  Museum.    8^  Pam.    Washington,  1885. 

The  Author. 

Marcou,  John  Belknap. — Bibliography  of  publications  relating  to  the  collection  of  fos- 
sil invertebrates  in  the  United  States  National  Museum,  including 
complete  lists  of  the  writings  of  Fielding  B.  Meek,  Charles  A,  White, 
and  Charles  D.  Walcott.    8°  Washington,  1885.  The  Author. 

Marcou,  John  Belknap. — Record  of  North  American  Invertebrate  Palaeontology  for 

1885.    8°  Pam.    Washington,  1886.  The  Author 

Mojsisovics,  Edmund  von,  and  Neumayr,   Melchior. — Beitrage  zur  Palaontologie 

Osterreich-Ungarns  und  des  Orients.    Band  V,  heft  3.   4°  Wien,  1886. 
Pal6ontologie  Franjaise.     i"  s6rie,  Animaux  Invert6br6s,  Eocene  Echinides,  livr.  6-7 ; 

Crinoides,  livr.  82 ;  and  2"**  s^rie,  V^g^taux,  ^ph6dr6es,  livr.  37-38. 

8**  Paris,  1886. 
Plattner,  Carl  Friedrich, — Vorlesungen  uber  allgemeine  Huttenkunde.    Band  I — II. 

8*  Freiberg,  i860  and  1863.  H.  F.  Blanford. 

Richthofen,  Ferdinand  Freiherr  von. — Atlas  von  China.    Abth.  I.    Fol.  Berlin,  i885. 

The  Author. 

RoscoE,  H.  E,  and  Schorlemmer,  C— A  treatise  on  Chemistry.     Vol.  Ill,  pt.  3.     8* 

London,  1886. 
RosKOSCHNY,  Hermann, — Afghanistan  und  seine  Nachbarlander.  Der  Schauplatz  des 

letzten  russisch-englischen  konflikts  in   Zentral-Asien.     Band  I — II, 

4**  Leipzig.    No  date. 
Schberer,  Theodor. — Der  Paramorphismus  und  seine  bedeutung in  derchemie,  minera- 

logie,  und  geologie.    8®  Braunschweig,  1854.  H.  F.  Blanford. 

Streeter,  Edwin   W. — Precious  Stones  and  Gems,  their  history  and  distinguishing 

characteristics.    4th  edition.    8*  London,  1884. 

12 


PART  2.]  Additions  to  the  Library. 

Titles  of  Books.  Donors. 

The  Norwegian  North  Atlantic  Expedition   1876-1878.    Zoology,      Mollusca  II.      By 

Herman  Friele.    4°  Christiania,  1886. 

The  Commn.  Norwegian  N.  A.  Expedition. 

Thomson,  Sir  C,  Wyville,  and  Murray,  yohn, — Report  on  the  scientific  results  of  the 

voyage  of  H.   M.  S.  Challenger  during  1873-76.   Vols.  XV  and  XVI, 
Zoology.    4**  London.  1886.  Secy,  op  State, 

Williams,  George  Huntington* — The  Gabbros  and  associated  hornblende  rocks  occur- 
ring in  the  neighbourhood  of  Baltimore,  Md.  8** 
Washington,  1886.  H.  B.  Medlicott. 

WoLTERSTORPP,  W^.— Ueber  fossile  PVosche  insbesondere  das  genus  Palaeobatrachus, 

Theil  II.    8**  Magdeburg,  1887.  The  Author. 


PERIODICALS,  SERIALS,  &c. 

American  Journal  of  Science.    3rd  series.  Vol.   XXXII,  No,   192,  and  Vol.  XXXI 11, 

Nos.  193-194.    8**  New  Haven,  1886-1887.  The  Editors. 

American  Naturalist.     Vol.  XX,  Nos.  lo-ii.    8**  Philadelphia,  1886. 

Annalen  der  Physik  und  Chemie.     Neue  Folge,  Band  XXIX,  No.  4,  and  Band  XXX, 

Nos.  1-3.    8**  Leipzig,  1886-1887. 

Annales  des  Mines.    8"*  s6rie,  Tome  X,  livr.  4.    8°  Paris,  1886. 

Department  op  Mines. 

Annales  des  Sciences  Naturelles.     Botanique,  7"*  sdrie.  Tome  IV,  Nos.  5-6.    8**  Paris, 

1886. 
Annales  des  Sciences  Naturelles.  Zoologie  et  Paldontogie,  7"*  s6rie,  Tome  I,  Nos.   1-2. 

8*  Paris,  1886. 
Annals  and  Magazine  of  Natural  History.    5th  series,  Vol.  XIX,  Nos.  109-111.    8" 

London,  1887. 
Archiv  fur  Naturgeschichte.     Jahrg.  LI  I,  Band  I,  heft  2.    8°  Berlin,  1886. 
Athenaeum.    Nos.  3086-3097.    4**  London,  1 886-1 887. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie.    Band  X,  No.  12,  and  Band  XI, 

No.  I.    8**  Leipzig,  1886-1887. 
Biblioth^que  Universelle.    Archives  des  Sciences  Physiques  et  Naturelles.    3"*  P^riode. 

Tome  XVI,  Nos.  9-12.    8**  Geneve,  1886. 
Biblioth^que   Universelle  et  Kevue  Suisse.    3"*   P^riode.    Tome  XXXII,  Nos.  94-97. 

8**  Lausanne,  1886-1887. 
Botanisches  Centralblait.     Band  XXVIII,   Nos.  12-13,  and   Band  XXIX,  Nos.  i-io. 

8**  Cassel,  1886-1887. 
Chemical  News.  Vol.  LI V,  Nos.  1412-1414,  and  Vol.  LV,  Nos.  1415-1423.    4**  London, 

1886-1887. 
Colliery  Guardian.    Vol.   LII,  Nos.    1355-1357,  and   Vol.  LIII,  Nos.  1358-1366.     Fol. 

London,  1 886-1887. 
bas  Ausland.    Jahrg.   LIX,    Nos.   50-52,  and  LX,  Nos.  1-9.    4°  Stuttgart,   1886-1887. 
Geological  Magazine.     New  series,  Decade  III,  Vol.  IV,  Nos.   1-3.    8°  London,  1887. 
Indian  Engineering.    Vol.  I,  Nos.  1-13.     Flsc,  Calcutta,  1887.  The  Editor. 

Iron.    Vol.   XXVIII.   Nos.   727-729,  and   Vol.  XXIX,  Nos.  730-738.     Fol.  London, 

1886-1887. 
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Journal  de  Conchyliologie.  3""  s^rie,  Tome  XXVI,  Nos.  3.4.  8"  Paris,  1886. 
Just's  Botanischer  Jahresbericht.  Jahrg.  XI,  Abth,  II,  heft  3.  8°  Berlin,  1886. 
London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.  5th 

series.  Vol.  XXIII,  Nos.  140-142.    8**  London,  1887. 
Mining  Journal.     Vol.  LVI,  Nos.  2677-2679,  and  Vol.  LVII,  Nos.  2680-2688.    Fol. 

London,  1886- 1887. 
Naturae    Novitates.    Jahrg.    VIII,  No.  25,    and  Jahrg.   IX,  Nos.   1-4.     8°  Berlin, 

1886-1887. 
Nature.     Vol.  XXXV,  Nos.  894-905.    4'  London,  1886-1887. 
Neues  Jahrbuch  fur  Mineralogie  Geologic  und  Palaeontologie.    Jahrg.  1887,  Band  I, 

heft  I.    8**  Stuttgart,  1887. 
Palaeontographica.    Band  XXXII,  lief.  5-6,  and  Band  XXXIII,  lief.  1.3.    4**  Stuttgart, 

1886. 
Petermann's  Geographische  Mittheilungen.    Band  XXXII,  No.  12, and  Pand  XXXIII, 

Nos.  j-2.    4**  Gotha,  1886-1887. 
Inhaltsverzeichnis   von    Petermann's    Geographischen    Mittheilungen,    1875-1884.     4* 

Gotha,  1886. 
Professional  Papers  on  Indian  Engineering.  3rd  series.  Vol.  IV,  No.  15.    Flsc.  Roorkee, 

1886.  Thomason  C0LLF6E  of  Civil  Enginserino. 

Quarterly  Journal  of  Microscopical  Science.  New  series.  Vol.  XXVII,  pt.  3.   8®  London, 

1887. 
The  Indian  Engineer.    Vol.  II,  Nos.  8-13.     Flsc.  Calcutta,     1887. 

Newman  and  Co. 

The  Oil  and  Colourman's  Journal.    Vol.  VIII,  Nos.  77-79.    4**  London,  1887. 
Zoological  Record.    Vol.  XXII.    8**  London.  1886. 


GOVERNMENT  SELECTIONS,  REPORTS,  &c. 
Bengai.— Quarterly  Bengal  Army  List.     New  series.  No.  99.     8*  Calcutta,  1887. 

Government  op  India. 
„  Report  on  the  administration  of  Bengal,  1885-86.     Flsc.  Calcutta,  1887. 

Bengal  Government. 
Bombay.— Brief  sketch  of  the  Meteorology  of  the  Bombay  Presidency  in  1885-86.  Flsc. 

Bombay,  1887.  Meteorological  Reporter,  Bombay. 

„  Gazetteer  of  the  Bombay  Presidency.  Vols.  XXI V— XXV.  8^  Bombay,  1886. 

Government  op  Bombay. 

„  Report  on  the  administration  of  the  Bombay  Presidency  for  1885-86.     Flsc. 

Bombay,  1886.  Bombay  Government. 

Burma.— Report  on  the  administration  of  Lower  Burma  during  1885-86,  and  on  the 

administration  of  Upper  Burma  during  1886.    Flsc.  Rangoon,  1887. 

ChiefCommissioner  op  Burma. 
Central   Provinces.— Report  on   the  administration  of  the  Central  Provinces  for 

1885-86.     Flsc.  Nagpur,  1887. 

Chief  Commissioner,  Central  Provinces. 
India.— Charts  of  the  Bay  of  Bengal  and  adjacent  sea  north  of  the  equator  showing  the 

mean  pressure,  winds  and  currents  in  each  month  of  the  year.     Fol. 
Simla,   1886.  Meteorological  Reporter,  India. 
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India.— Meteorological  Observations  recorded  at  six  stations  in  India  corrected  and  re- 
duced.   September  to  November  1886.    4'  Calcutta,  1886. 

Mbtborological  Reporter,  India. 
„        Imperial  Gazetteer  of  India.     By  W.  W.  Hunter.    2nd  edition.    Vols.  IX-XI. 

8°  London,  1886.  Revenue  and  Agricultural  Department. 

„        List  of  Officers  in  the  Survey  Departments  corrected  to  ist  January  1887.     8* 

Calcutta,  1887.  Revenue  and  Agricultural  Department. 

„        Scientific  Memoirs  by  Medical  Officers  of  the  Army  of  India.    Parts  I — II. 

4**  Calcutta,  1885-1887.  Surgeon  General,  India. 

Madras.— Administration  report  of  the  Meteorological  Reporter  to  the  Government  of 

Madras  for  1885-86.    8**  Madras,  1886. 

Meteorological  Reporter,  Madras. 

•,  Report  on  the  administration   of  the   Madras   Presidency  during   1885-86. 

Flsc.     Madras,  1886.  Madras  Government. 


» 


» 
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TRANSACTIONS,  PROCEEDINGS,  &c.,  OF  SOCIETIES,  SURVEYS,  &c. 

Baltimore.— American  Chemical  Journal.     Vols.  I — VII,  and  VIII.  Nos.  1-3  and  6. 

8**  Baltimore,  1879-1886.  Johns  Hopkins  University. 

„  American  Journal  of   Mathematics.     Vols.  II — VI,  VII,  Nos.  1-3,  and 

Vol.  IX,  No.  2.    4*'  Baltimore,  1879-1885. 

Johns  Hopkins  University. 

American  Journal  of  Philology.  Vols.  I — VI,  and  VII,  No.  i.  8*  Balti- 
more, 1880-1886.  Johns  Hopkins  University. 

Eleventh  Annual  Report  of  the  Johns  Hopkins  University.  8**  Bal- 
timore, 1886.  Johns  Hopkins  University. 

Johns  Hopkins  University  Circulars.  Vol.  VI,  Nos.  54-55.  4*^  Baltimore, 
1886-1887.  Johns  Hopkins  University. 

Johns  Hopkins  University  Studies  in  Historical  and  Political  Science. 
Vol.  II,  Nos.  1-2,  4-12;  Vol,  III;  Vol.  IV,  Nos.  1-6,  11-12,  and 
Vol.  V,  Nos.  1-3.     8'  Baltimore,  1884-1887. 

Johns  Hopkins  University. 

Basel. — Verhandlungen  der  Naturforschenden  Gesellschaft  in  Basel.  Theil  VIII,heft  i. 

8'  Basel,  1886.  Basel  University. 

Belfast. — Report  and  Proceedings  of  the  Belfast  Natural  History  and  Philosophical 

Society  for  1885-86.    8**  Belfast,  1886.  The  Society. 

Berlin.— SiUungsberichte  der  Konig.  Preussischen   Akademie  der  Wissenschaften. 

Nos.  I— XXXIX.    S**  Berlin,  1886.  The  Academy. 

Bombay.— Index  to  the  Transactions  of  the  Literary  Society  of  Bombay,    Vols.  I— III, 

and  to  the  Journals  of  the  Bombay  Branch,  Royal  Asiatic  Society,  Vols. 
I— XVII;  with  a  historical  sketch  of  the  Society.  By  Ganpatrao 
Krishna  Tivarekar.    8*'  Bombay,  1886.  The  Society. 

Boston.— Memoirs  of  the  Boston  Society  of  Natural  History.    Vol.  Ill,  Nos.  12-13. 

4**  Boston,  1886.  The  Society. 
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Boston.— Proceedings  of  the  Boston  Society  of  Natural  History.     Vol.  XXI II,  pt.  2. 

8*  Boston,  1886.  The  Socirtt. 

„  Proceedings  of  the  American  Academy  of  Arts  and  Sciences.     New  series. 

Vol.  XIII,  pt.  2.    8*  Boston,  1886.  The  Academy. 

Brisbane.— Proceedings  and  Transactions  of  the  Queensland  Branch  of  the  Geogra- 
phical Society  of  Australasia.    Vol.  II,  pt.  I.     8°  Brisbane,  1886. 

The  Society. 
BrdsselsI— Bulletin  de  la  Soci^t6  Royale  Beige  de  G^ographie.    Ann6e  X,  Nos.  5-6. 

8*  Bruxelles,  1886.  The  Society. 

„  Bulletin  du   Mus^e  Royal  d'  Histoire  Naturelle,    Tome   IV,  No.  4.    ST 

Bruxelles,  1886.  The  Museum. 

Calcutta.— Annals  of  the  Royal  Botanic  Gardens,  Calcutta.    Vol.  I.    4°  Calcutta. 

Royal  Botanic  Gardens. 
„  Calcutta  University  Calendar,  1887.    8*  Calcutta,  1886. 

Calcutta  University. 
N  Journal   of  the  Asiatic  Society  of  Bengal.    New  series,  Vol.  LI II,  pt.  II, 

No.  4 ;  and  Vol.  LV,  pt.  II,  No.  4.    8**  Calcutta,  1884  and  1877, 

The  Society. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal.    No.  X,  1886,  and  Na  i, 

1887.    8"  Calcutta,  1886-1887.  The  Society. 

„  Records  of  the  Geological  Survey  of  India.     Vol.  XX,  pt.  i.    8°  Calcutta, 

1887.  Geological  Survey  of  India. 

„  Survey  of  India  Department.    Notes  for  December  1886 and  January  1887. 

Flsc.  Calcutta,  1887.  Survey  of  India. 

Cambridge.— Proceedings  of  the  Cambridge  Philosophical  Society.    Vol.  V,  pt.  6.     8* 

Cambridge,  1886.  The  Society. 

Cambridge,  Mass. — Annual     report    of   the  Museum  of    Comparative  Zoology  for 

1885-86.    8"  Cambridge,  Mass.  1886.  The  Museum. 

„  Memoirs  of  the  American    Academy  of  Arts   and  Sciences.    New 

series.  Vol.  XI,  pt  4,  No.  4.  4°  Cambridge,  1886.  The  Academy. 
Cincinnati. — ^Journal  of  the  Cincinnati  Society  of  Natural  History.  Vol.  IX,  No.  4.    8° 

Cincinnati,  1887.  The  Society. 

Copenhagen.— M^moires  de  T  Acad^mie  Royal  de  Copenhague.    6"*  s^rie,  Vol.  II, 

No.  II ;  Vol.  Ill,  No.  4;  and  Vol.  IV,  No.  2.    4®  Copenhagen,  1886. 

The  Academy. 

„  Oversigt  over  det  Kong.  Danske  Videnskabemes  Selskabs.  No.  a.    8* 

Copenhagen,  1886.  The  Academy. 

Dehra  Dun. — Account  of  the  operations  of  the  Great  Trigonometrical  Survey  of  India. 

Vol.  IV  A.    4°  Dehra  Dun,  1886.  Surveyor  General. 

„  Trigonometrical  Branch,  Survey  of  India.    Spirit-leveled  heights.     No.  i, 

Madras  Presidency.    Seasons,  1869-1885.    8**  Dehra  Dun,  1886. 

The  Society. 

Dresden. — Sitzungsberichte  und  abhandlungen  der  Naturwissenschaftlichen  Gesellschaft 

Isis    in  Dresden.    Jahrg.  1886.    Juli  bis     December.    8**  Dresden, 
1887.  'si^  Society. 
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Edinburgh. — Scottish    Geographical    Magazine.    Vol.   II,    No.    12,   and  Vol.   Ill, 

Nos.  1-2.    8'  Edinburgh,  1886-1887. 

Scottish  Geographical  Socibtt. 

Frankfurt. — Abhandlungen  ?der  Senckenbergischen   Naturforschenden   Geseilschaft. 

Band  XIV,  heft  1-3.    4**  Frankfurt-am- Main,  1886. 
Glasgow. — Transactions  of  the  Geological  Society  of  Glasgow.    Vol.  VIII,  pt.  i.    8* 

Glasgow,  1886.  Thb  Socirty. 

GoTTiNGBN. — Nachrichten   von   der   Konigl.  Geseilschaft  der  Wissenschaften.    1885. 

8**  Gottingen,  1885.  Royal  Society,  Gottingen. 

Hallb. — Verhandlungen  der  kais.  Leopoldinisch-Carolinischen  Deutschen  Akademie  der 

Naturforscher.     Band  XLVII-XLVIII.    4'  Halle,  1885-1886. 

The  Academy. 

„        Leopoldina.     Heft  20-21.    4°  Halle,  1884- 1885.  The  Academy. 

Harrisburo. — Annual  report  of  the  Geological  Survey  of  Pennsylvania  for  1885.    With 

Maps.    8**  Harrisburg,  1886.  Geol.  Survey,  Pennsylvania. 

Lbide.— Annalcs  de  r  ficole  Poly  technique  de  Delft.    Tome  II,  livr.  3-4.    4**  Leide, 

1886.  6cole  Polytbchnique,  Delft. 

London.— Catalogue  of  the   Fossil  Mammalia  in  the  British  Museum  (Natural  His- 
tory).   Part  IV.    By  R.  Lydekker.    8"  London,  1886. 

Thb  Musbum. 

„  Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland.     Vol. 

XVI,  No.  2.    8°  London,  1886. 
„  Journal  of  the  Chemical  Society.    Nos.  282-289.    8**  London,  1886. 

F.  R.  Mallbt. 

„  Journal  of  the  Royal  Asiatic  Society  of  Great   Britain  and  Ireland.    New 

scries.    Vol.   XVIII,    pt.    4,  and    Vol.    XIX,  pt   i.      8**   London, 
1886-1887.  The  Society. 

„  Journal  of  the  Society  of  Arts.    Vol.  XXXV,  Nos.  1778-1789.     8'  London, 

1886-1887.  The  Society. 

„  Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society.    Vol, 

VII,  No.  33.     8°  London,  1886. 

„  Proceedings  of  the  Royal  Geographical  Society.     New  series.  Vol.  VIII, 

Nos.  11-12,  and  IX,  No.  i.    8**  London,  1886-1887.        The  Society. 

„  Proceedings  of  the   Royal  Society.     Vol.  XLI,  Nos.  247-248.    8®  London, 

1886.  The  Society. 

„  Quarterly  Journal  of  the  Geological  Society.    Vol.  XLI  I,  No.  168.     With 

list  of  Fellows  for  1886.    8**  London,  1886.  The  Society. 

Madrid. — Boletin  de  la  Sociedad  Geografica  de  Madrid.    TomoXXI,  Nos.  3-4.    8** 

Madrid,  1886.  The  Society. 

Manchester. —Transactions  of  the  Manchester  Geological  Society.    Vol.  XIX,  pts. 

2-4.    8*'  Manchester,  1887.  The  Society. 

Melbourne.— Reports  of  the  Mining  Registrars  for  the  quarter  ending  30th  September 

1886     Flsc.  Melbourne,  1886.      Department  of  Mines.  Victoria. 

Moscow.— Bulletin  de  laSoci6t6  Imp^riale  des  Naturalistes.    Tome  LXII,  No.  2.    8* 

Moscou  1886.  The  Society. 
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Nrwcastle-upon-Tynb. — Transactions  of  the  north  of  England  Institute  of  Mining  and 

Mechanical  Engineers.  Vol.  XXXVI,  pt.  i.  8*  Newcastle-upon- 
Tyne,  1887.  The  Institute. 

PiRis.— Bulletin  de  la  Soci^t6  de  Geographic.     7"*  sine.  Tome  VII,  Nos.  2-4.     8® 

Paris,  1886.  The  Society, 

„         Compte  Rendu  des  S^nces  de  la  Socidt^  de  Geographic.       1886,  Nos.  18-19. 

1887,  N08.  1-4.    8**  Paris,  1886-1887.  The  Society. 

„        Bulletin  de  la  Soci^t^  G^ologique  de  France.      3"*  s^rie.  Tome  XIII,  No,  8» 

and  XIV,  No.  5.     8**  Paris,  1885-1886.  The  Society. 

„        Comptes    Rend  us  hebdomadaires  des   Stances    de  V  Acad^mie  des  Sciences. 

Tome  92-100.    4°  Paris,  1881-1885.  Institute  op  France. 

„        Memoires  de  V  Acad6mie  des  Sciences  de  1*  I  nstitut  de  France.    2"*  s6rie, 

TomeXLII.    4°  Paris,  1883.  Institute  op  France. 

„        M^moires  pr^sent^spar  divert  savants  4  1' Acaddmie  des  Sciences  de  T  Institut 

de    France.      2""    s6rie,    Tome    XXVII-XXVIII.  4°    Paris, 

1883-1884.  Institute  op  France. 

„        Recueil  de  m^moires,  rapports,  et  documents  relatifs  It  I'observation  du  passage 

de  V^nus  sur  le  soleil.  Tome  HI,  pts.  1-3.  With  atlas  of  plates.  4" 
Paris,  1882-1885.  Institute  of  France. 

Philadelphia. — Journal  of  the  Franklin  Institute.  3rd  series,  VoU  XCII,  No.  6,  and 

Vol.  XCIII,  Nos.  1-2.    8°  Philadelphia,  1886-1887. 

The  Institute, 

„  Proceec^ngs  of  the  American    Philosophical  Society.    Vol.    XXIII, 

No.  123.    With  list  of  members.    8**  Philadelphia,  1886. 

The  Society. 

Portugal. — Commission    des  Travaux    Gdologiques  du  Portugal.    Recueil  d*  Etudes 

paldontologiques  sur  la  faune  cr^tacique  du  Portugal.  Vol.  I,  Esp^ces 
nouvelles  ou  peu  connues,  par  Paul  Choffat.  1"  s6rie.  4°  Lisbonne, 
1886.  Geol.  Commission,  Portugal. 

Rome. — Atti  della  Reale  Accademia  dei  Lincei.    Serie  3,  Memorie.     Vols.  XIV — XVII. 

4^  Roma,  1 883-1884.  The  Academy* 

„       Atti  della  Reale  Accademia  dei  Lincei.    4  Serie,  Rendiconti.    Vol.  II,  Semestre 

II,  fasc.  II-I2;    and    VoU  III,  Semestre    I,  fasc.  1-2.      4°    Roma, 

1886-1887.  The  Academy. 

San  Francisco. — Bulletin  of  the  California  Academy  of  Sciences.     Vol.  II,  No.  5.    8* 

San  Francisco,  1886.  The  Academy. 

Singapore.— Journal  of  the  Straits  Branch  of  the  Royal  Asiatic  Society.     No.  17.     81* 

Singapore,  1887.  The  Society. 

„  Notes  and  Queries.     No.  4.    8**  Singapore,  1887. 

The  Society. 

St.  Petersburg. — Beitrage  zur  Kenntniss  des  Russischen  Reiches.    Folge  2,  Band 

IX,  and  Folge  3,  Band  I.    8*'  St.  Petersburg,  1886. 

Imperial  Academy  of  Sciences,  St.  Petersburg. 

„  Bulletin  del'  Academic  Imp^riale  des  Sciences  de  St.  P^tersbourg. 

Tome  XXX,  No.  4,  and  XXXI,  No.  2.    4**  St.  P^tersbourg, 
1886.  The  Academy. 
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St.  Pbtersburo. — M^moires  de  V  Academic   Imp^riale  des  Sciences  de  St,   P^ters- 

bourg.    y^'s^rie.    Tome  XXXIV,  Nos.  4-6.    4*  St.  Pdters- 

bourg,  1886.  Thr  Academy. 

^  Bulletins  du    Comit^    G6ologique.     Vol.   V,   Nos.    9-11.      8**  St. 

Paersbourg,  1886-1887. 

Geol.  Commission,  St.  Pbtersburq. 
Sydney.— Journal  and  Proceedings  of  the  Royal  Society  of  New  South  Wales  for  1885. 

Vol.  XIX.    8"  Sydney,  1886.  The  Society. 

Toronto.— Proceedings  of  the  Canadian   Institute.    3rd  series,  Vol.  IV,  No.   i.    8* 

Toronto,  1886.  The  Institute. 

Turin.— Atti  della  R.  Accademia  delle  Scienze.    Vol.  XXII,  disp,  1-3.      8*  Torino, 

1886-1887.  The  Academy. 

Venice. — Atti  del  Reale  Istituto  Veneto  di  Scienze  Lettere  ed  Arti.    Serie  VI,  Tomo  I, 

disp.  5, Tomo  II,  disp.  1-2,  and  Tomo  V,    disp.  2.  8"    Venezia, 

1882-1887.  The  Institute. 

Vienna. — Verhandlungen  der  K.  K.  geologischen  Reichsanstalt.    Nos.    14-18   (1886), 

and  No.  i  (1887).    8**  Wien,  1886-1887.  The  Institute. 

Washington. — Annual  report  of  the  Board  of  Regents  of  the  Smithsonian  Institution 

for  1884.    Part  2.    8°  Washington,  1885.  The  Institution. 

„  Annual  report  of  the  Director  of  the  Mint  to  the  Secretary  of  the 

Treasury  for  the  fiscal  year  ending  June  3oih,  1886.    8°  Washing- 
ton, 1886.  Director  op  the  Mint. 

Bulletin  of  the  Philosophical    Society  of  Washington.    Vol.   IX.    8* 
Washington,  1887.  The  Society. 

Bulletin  of  United  States  Geological  Survey.     Nos.  27-29.    8'  Wash- 
ington, 1886.  U.  S.  Geol.  Survey. 

War  Department,  ^Ke^oTi  upon  the  3rd  International  Geographical 
Congress  and  Exhibition  at  Venice,  Italy,  1881,  accompanied  by  data 
concerning  the  principal  Government  land  and  marine  surveys  of  the 
World.     By  George  M.  Wheeler.    4**  Washington,  1885. 

U.  S.  War  Department. 

Yokohama.— Transactions  of  the  Asiatic  Society  of  Japan.     Vol.  XIV,  pt.  2.    8* 

Yokohama,  1886.  The  Society. 

Zurich. — Neujahrsblatt  der  Naturforschenden  Gesellschaft  auf  das  Jahr  1886.     No.  88. 

4**  Zurich,  1885.  Natural  History  Society,  Zurich. 

„         Vierteljahrschrift  der  Naturforschenden  Gesellschaft.  Jahrg.  XXX,  heft  1-4, 
and  XXXI,  heft  1-2.    8"  Zurich,  1885. 

Natural  History  Society,  Zurich. 

April  ist,  1887. 
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"  Record  of  the  Khairpur  Meteorite  of  23rd  Sept.  1873. "    J.  A,  S.  B.,  XLIII,  pt.  a,  33. 

"  Exhibition  of  a  Meteorite  from  Raipur.  "    P.  A.  S.  B.,  1876,  115. 

"  Exhibition  of  Meteorites  recently  fallen  in  India,  with  remarks  upon     them."     P.   A. 

S.  B.,  1^876,  221. 
"  Remarks  on  Himalayan  Glaciation."    P.  A.  S.  B.,  1877,  3. 
"  Note  on  Mr.  }•  F.  Campbell's  remarks  on  Himalayan   Glaciation."    J.  A.  S.  B.  XLVI, 

pt.  2,  II. 
''  Exhibition  of  the  new  Geological  Map  of  India."     P.  A.  S.  B.,  i878»  124. 
"  Exhibition  of  some  Geological  specimens  from  Afghanistan. "     P.  A.  S.  B.,  1880,  3. 
"  Exhibition  of  a  specimen  of  rock-salt  from  the  Chakmani  Territory. "    P.  A.  S.   B., 

1880,  123. 
"  Note  on  Chloromelanite."     P.  A.  S.  B.,  1883, 80. 
*'  Note  on  tiie  Reb  efflorescence  of  North- Western  ladia  and  on  the  watera  of  some  of  the 

riverii  and  canals." 
"  Lithological  Nomenclature. "    Geo!.  Mag.  IV,  83, 1867, 
"  The  Alps  and  the  Himalayas:  a  Geological  comparison.''    Quar.  ]. Geol.  Soc.  XXIII, 

32a,  1867:  XXIV.  34,  i86«;  Phil.  Mag.  XXXIV,  396,  1867. 
•*  On  faults  in  Strata. "    Geol.  Mag.  VI,  341,  1869 '-  VII.  473i  1870. 

The  bald  record  of  his  service?*  as  is  the  custom,  is  thus  given  in  the  official 
list  of  officers  in  the  Survey  Department  of  India : — 

Engaged  by  Dr.  Oldham  from  the  Geological  Survey  of  Great  Britain  ;  joined  ap{x>int- 
ment  in  India  on  24th  March  1854;  in  August  1854  appointed  by  Court  of  Directors  as  Pro* 
fesspr  of  Geology,  Roorkee  College ;  re-attached  to  Geological  Survey  for  the  field  season  ; 
1854-55,  Narbada  Valley ;  i855-56»  Snb-Himalayas ;  1856-57,  Bundlekhand  ;  1857  to  1862, 
Sub-Himalayas  ;  in  October  1862  left  Roorkee  and  re-joined  the  Geological  Survey^  Deputy 
Superintendent  for  Bengal ;  1862-63,  Soath  Rewah ;  1863-64,  Behar  ;  1864-65,  Assam  ;  offici- 
ated ais  Superintieiident  from  21st  August  to  13th  November  1864;  leave  on  private  affairs 
from  loth  May  to  9th  November  1865  i  1865-66,  Central  India  and  Rajputana;  1866-67, Chota 
Nagpur,  Chhattisgarh,  Sumbalpuc  ;  placed  in  the  ist  grade  on  the  introduction  of  grading  10 
May  1866;  1867-68,  Garo  Hilis  ;  i868»69,  Hiizaribagh,  Sirgujah,  Sohagpur,  Chanda,  Mohpani ; 
1869-70,  Satpuras;  1870-71,  Bundelkhand,  Narbada  Valley  ;  officiated  as  Superintendent  from 
20th  July  to  5th  September  1870 ;  sick  leave,  13th  June  to  2nd  December  187 1 ;  1871  to 
1873,  Satpuras  ;  officiated  as  Superintendent  from  i6th  July  1873  to  15th  December  1874; 
1873-74,  Garo  Hills;  1874-75,  Betul  coal-field,  Nimar,  Nepal;  1875-76,  Nimar,  Jama  Hills  { 
appointed  Superintendent  on  ist  April  1876 ;  1876-77,  Mohpani  and  Satpura  coal-borings  ; 
1877-78,  Reh  Committee,  and  Nahan  ;  1878-79,  Office,  Calcutta  ;  1879-80,  Office,  Calcutta  ; 
1880-81,  Nahan,  and  Office,  Calcutta  ;  1881-82-83-84,  Office.  Calcutta  ;  special  leave  from 
9th  May  to  8th  November  1884 ;  1884-85,  Office,  Calcutta ;  designation  changed  to  Director 
of  the  Geological  Survey  of  India ;  1885-86-87,  Office,  Calcutta ;  permitted  to  retire  on  aytb 
April  1887. 

Previous  to  his  retirement,  and  in  acknowledging  the  receipt  of  his  last  Annaal 
Report,  his  long  and  valuable  services  were  thus  acknowledged  by  the  Govern- 
ment : — 

*'  As  this  is  the  last  occasion  on  which  the  Annual  Report  will  be  submitted  by  you,  the 
Government  of  India  desires  to  take  the  opportunity  of  placing  on  record  its  appreciation 
of  your  long  and  valuable  services,  and  to  recognise  the  zealous  manner  in  which  you  have 
discharged  the  duties  of  Superintendence  and  Direction  and  the  devotedness  with  which  you 
have  supported  the  cause  di  Geological  Science  in  India.  I  am  to  add  that  the  marked 
advance  which  has  been  made  in  the  investigation  of  the  geological  conditions  of  India 
during  your  tenure  of  office  is  most  creditable  to  yourself,  and  thai  it  is  undoubtedly  leading 
to  the  development  of  the  mineral  resources  of  the  Empire,  as  well  a^  the  material  extension 
of  scientific  knowledge." 
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Notice  of  J,  B.  Mushketoff's^  Geology  of  Russian  Turkistan.  Complied 
from  transiation  and  notes  from  Professor  F.  Tovla  of  Vienna^  by 
C.  L,  GrieSBACH,  C.I.E.,  Geologicai  Survey  of  India^ 

The  first  volume  of  this  work  is  arranged  in  two  parts :  the  first  part  (pages 
i*-^3ii)  being  devoted  to  a  review  of  the  results  of  former  explorations,  while  the 
^t6Gond  party  from  the  9th  Chapter,  is  descriptive  of  the  geological  and  orographical 
features  of  Turdn  and  of  the  Aral  drainage-system. 

gth  Chapter:  From  Orenburg  to  Samarkand.    The  crystalline  rocks  of  the 
Xi/^lfi  steppe  between  Orsk  and  Irgis,  and  in  the  neighbourhoods  of  Tashkent,  Kho- 
Mit,  and  Samarkand,  are  discussed. 

loth  Chapter :  Treats  of  the  city  of  Samarkand ;  the  lo^s  deposits  and  the  nephrite. 

nth  and  12th  Chapters :    The  western  ^urs  of  the  Tlan-Sh^n  ;  the  palseozoic 

£9l0K.and  TTrda-Bashf,  the  palasozoic  chain  of  the  Kara  Tdsh,  the  cretaceous  and  ter- 

deposits  on  the  Sassik  and  Ak-Tash,  the  Kaspikdrt  range  (crystalline  rocks 

carboniferous  limestone),  and  the  valley  of  the  Keless  (cretaceous,  tertiary,  and 

—tertiary)  are  described. 

■3th  Chapter:    This  is  devoted  to  the  valley  of  the  Fergana  river  (Narin-Sir- 
jri).    Jurassic 4>eds  with  coal^eams  (Uch  Kdrgdn)  are  described  overlaid  by 
oil— Ki^^armg  cretaceous  strata  (Rishtdn)  and  gypsum  and  rock-salt  bearing  tertiary 
»sits.    Two  directions  of  disturbance  and  flexuring  prevail :  one  from  north- 
to  south-west  (the  Alai  system),  and  a  second  from  north-west  to  south- 
<th6  Fergana  system).    Post-tertiary  formations  (conglomerates,  loess,  bedded 
and  drift  sand)  overlie  the  tertiary  and  cretaceous  deposits.    Permo-carboni- 
(Nebraska  horizon)  underlie  the  cretaceous  formation  in  Issfara. 
4th  Chapter :    The  western  spurs  of  the  P&mir-Alai. 
5th  and  i6th  Chapters :    The  Amd  Dariyd  valley  between  Chaharjui  and 
lezy  and  between  Chaharjui  and  Petro-Alexandrovosk. 
^  7tb  and  i8th  Chapters :    The  deserts  of  Kizilkum  between  the  Amd  and  Sir- 
^^^■^yi  are  described. 

^  9th  (Hiapter :  A  summary  of  the  observations  contained  in  the  preceding  chapters . 

Summary. 

*X*iiian  presents  the  appearance  of  perfect  uniformity  of  geologicai  deposits  in 

.    .  spite  of  the  great  variety  of  rocks  which  have  been  proved 

i^stoirtSJe!^  ^^"^     ^  e^st ;  and  this  is  mainly  owin^  to  the  fact  that  the  older 

formations  quite  disappear  amidst  the  largely  developed 
cretaceous,  tertiary,  and  recent  deposits.  ^ 

'  Note. — *^  Turkistan,  Geological  and  Orographical  descriptions,  from  observations  made 
during  journeys  in  the  years  1874  to  1880."  With  a  Geological  Map  of  Turkistan,  St.  Peters- 
twg,  1886  (in  Russian). 

'  The  present  notice  c<^mes  in  as  a  fitting  supplement  to  the  several  papers  on  Turkistan 
which  have  appeared  from  time  to  time  in  these  Records  as  the  preliminary  result  of  Mr. 
Griesbach's  late  Journeying  with  the  Afghan  Boundary  Commission.  The  paper  is  also  of 
interest  as  referring  to  country  which  along  its  southern  boundary  just  touched  on  the  north- 
em  edge  of  Mr.  Griesbach's  work  along  the  Khilif  coarse  of  the  Oxos.— (See  map  ante.  p.  93 
of  fi«i|>  volume  of  the  Records.) 
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Most  of  the  patches  of  metamorphic  and  older  formations  occur  in  the  Kizilktim 
in  Central  Tur£n,  which  forms  the  watershed  between  the  Sfr-Dariyd  and  the  Amd 
Dariyd  or  Oxus. 

Beyond  the  metamorphic  and  cr3rstalline  rocks  of  the  Mdgodshfr  desert,  the 

dioritic  island  of  the  Chegana  river,  and  the  palseozic 
ern  nwiS^irf  Tiffi^*'     limestones  of  the  Karatan ;  Mushketoff  again  met  these  rocks 

along  the  eastern  margin  of  Turdn,  forming  small  and 
quite  isolated  promontories  in  the  Orda-Bashi  mountains,  which  are  built  up  of 
devonian  limestones  and  granites,  while  they  are  flanked  by  tertiary  red  conglo- 
merates. In  the  Karatash  range  and  in  Badam  carboniferous  limestone  occurs 
with  the  devonians ;  and  the  granite  of  the  Orda-Bashi  is  represented  by  orthoclase 
and  felsite-porphyry  with  tufa.  Kasikurt  is  stratigraphically  the  most  interesting 
island;  for  besides  largely  developed  carboniferous  limestone  with  numerous 
fossils,  there  occur  igneous  rocks.  The  isolated  hill  Monzar  is  formed  of  carboni- 
ferous limestone.  In  the  Mogoltan  range  near  Hodj^nd,  coarsely  crystalline 
syenite  is  largely  developed ;  also  porphyritic  syenite,  diabase,  and  porphyrite.  In 
Ferghina,  Mushketoff  found  the  Karatdsh  or  Kashkaratd  hills  formed  of  m^amor^ 
phic  schists  and  dense  diabase. 

Further  southwards,  metamorphic  rocks  are  found  near  Uratyuba  and  Jissak, 
The  Karnak  range  near  Samarkand  is  formed  of  slate  and  diorite;  and  palaeozoic 
limestones  appear  in  Busgala. 

Comparison  with  the       When  comparing  these  rocks  with  those  of  the  Tian-Shin, 
Tian-Shin.  ^  ^^^^  difference  between  them  becomes  at  once  apparent. 

The  former  are  much  more  metamorphosed  than  the  latter.  For  instance,  the 
minor  range  of  Sultanis-Dagh  shows  a  remarkable  diversity  of  slates,  often  highly 
metamorphosed  and  with  many  mineral  veins ;  whereas  in  the  Tian-Sh^such  rocks 
can  only  be  observed  at  great  intervals  and  at  very  few  localities.  In  the  Sultanis- 
Dagh  occur  rocks,  which  are  entirely  wanting  in  the  Tian-Shdn,  as  for  instance 
typical  talcose  and  pistacite  slate  and  eklogite.  In  the  former  range,  the  granites, 
diorites,  and  porphyrites  show  unmistakable  traces  of  metamorphism ;  whereas  in  the 
Tian-Shdn  this  is  never  the  case.  The  granites  too  are  more  closely  allied  to  the 
Ural  granites  than  to  that  of  the  Tian-Shdn.  Veins  of  coarsely  crystalline  granite, 
containing  fine  crystals  of  almandine,  beryl,  and  red  schorl,  are  common  in  the 
former  area,  but  quite  unknown  in  the  Tian-Shdn ;  on  the  other  hand,  the  Ura],  as 
for  instance,  near  Mdrsinka  in  the  Hinen  range,  has  been  long  celebrated  for  its 
precious  stones. 

Similar  metamorphic  and  palaeozoic  rocks  are  met  with  along  the  western 

borders  of  Turdn.  According  to  the  researches  of  Messrs. 
Ti^n?!"*    "^^'°    ^^     Felkner,  von  Koshkul,  G.  Sieners,  E.  Tietze,  and  others, 

crystalline  rocks,  chiefly  granite  with  porphyrite  veins,  are 
developed  in  the  Kure  and  Kuremin-Dagh  hills  near  Krasnovodsh,  which  may  be 
looked  upon  as  a  continuation  of  the  Balkhdn  range. 

A  few  unimportant  localities  of  useful  minerals  are  found  within  the  crystalline 

and  metamorphic  areas.  Besides  almandine  and  beryl, 
Tur^       m»n«ra  s    lo     ^^j^^gg  ^f  g^j^  ^^^  copper  ores  are  found  in  the  granites  of 

the  Sultanis-Dagh      In   the   syenites  of  Mogoltin,  some 
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argentiferoiis  galena  occurs,  accompanied  by  green  fluorspar.  Traces  of  copper  ores 
ftre  found  in  the  clay-slate  of  the  Ura^Jdke.  According  to  Pander,  gold  and  turquoises 
are  found  in  the  granite  and  porphyrite  of  the  Bukant^  hills. 

Mesozoic  strata  containing  land-plants  rest  on  the  palaeozoic  and  metamorphlc 
The  sedimentary  rocks.  According  to  D.  Romanofsky,  many  of  the  plants 
strata  of  Turkistdn.  found  in  the  mesozoic  series  of  Turkistdn  are  identical  with 
Plant-series.  Jurassic,  others  with  rhaetic,  and  some   even  'with  triassic 

species.  The  entire  mesozoic  series  however  is  of  fresh  water  origin,  marine  forms 
being  absolutely  wanting.  Romanofsky  believes  that  Turdn  formed  part  of  a  conti- 
nent &om  early  triassic  to  cretaceous  times,  which  extended  a  considerable  distance 
eastwards.    Neumayr  looks  upon  it  as  the  Turdnian  island  in  a  Jurassic  ocean. 

Jurassic  deposits  are  only  met  with  at  very  few  localities  in  Turdn ;  but  they  are 
of  great  practical  importance  since  they  contain  coal-seams.  Coal-basins  of  impor- 
tance have  so  far  only  been  found  along  the  borders  of  Tnrdn,  in  the  valleys  of  the 
rivers  Bodam,  Seiram,  and  in  Ferghdna.  In  the  latter  area  they  are  well  developed. 
Others  may  possibly  also  be  found  along  the  western  borders ;  at  present  they  have 
<mly  been  shown  to  exist  in  Mangishlak.  The  Jurassic  deposits  rest  invariably  dis- 
cordant on  the  palaeozoic  rocks ;  whereas  the  cretaceous  strata  and  tertiaries  are 
usually  conformable  to  them.  Only  locally  is  there  an  unconformity  visible 
between  the  Jurassic  and  the  overlying  cretaceous  formations. 

The  cretaceous  and  tertiary  deposits  are  the  principal  rocks  of  Turin  where  they 

reach  an  enormous  thickness ;  altogether  about  2,000  feet 
jCrctaceous  and  terti-     ^^  Ferghdna  and  5,000  in  Hissam.    They  are  always  closely 

connected  and  are  conformable  to  each  other.  The  strati. 
gn^hical  features  are  most  complicated  in  the  hill-ranges,  especially  in  Keless  and 
inFeighina;  but  the  further  away  from  the  hills  of  Eastern  Turdn,  the  simpler 
becomes  the  structure  until,  in  Central  Turdn,  the  strata  are  perfectly  horizontal ; 
an  exception  forms  the  Sultanis-Dagh  and  Bukantan  (in  Kizilkum),  where  a  north- 
west strike  prevails. 

The  lithological  character  of  the  cretaceous  deposits  varies  considerably.  Where 
they  are  well  developed,  they  consist  of  a  great  thickness  of  bright-coloured  beds 
of  gypsum,  clay,  marls,  and  shell-limestone,  with  micaceous  and  ferrugenous  sand- 
stone. The  sandstone,  limestone,  and  marls  are  remarkable  for  their  regular  develop- 
ment, whereas  the  clay-beds  and  gypsum  deposits  often  thin  out  at  short  distances. 
The  first  group  of  rocks  is  found  all  over  Turdn,  the  other  only  in  the  Tian-Shdn, 
Pamir,  and  Alai ;  in  Ferghdna,  for  instance,  the  complete  series  of  rocks  is  found  ; 
whereas  only  the  first  group  of  beds  occurs  near  Kilef  on  the  Oxus. 

Away  from  the  eastern  hill  ranges  the  lithological  character  of  the  rocks  becomes 
modified — the  shell  limestone  passing  into  oolitic  and  dense  limestones,  and  the 
bright  coloured  (red  and  green)  micaceous  sandstones  becoming  more  uniformly 
light  grey  and  yellowish  coloured.  The  fossils  are  mostly  so  badly  preserved  that 
a  division  of  the  Turdnian  cretaceous  group  into  horizons  is  hardly  possible. 
Romanofsky  divides  the  cretaceous  group  into  two  horizons,  namely,  an  upper  or 
Ferghdna  formation,  containing  numerous  species  of  ostrea  (near  the  Oxus  mouth 
some  Ammonites  of  senonian  types  also  occur),  and  a  lower  horizon  characterized  by 
some  ostrea,  rudistes,  echinderms  and  a  few  brachiopods.    In  Ferghdna,  the  creta- 
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ceous  formation  yields  naphta,  especially  at  points  where  there  is  a  change  in  the 
strike  of  the  beds.  According  to  Konshin,  the  naphta  and  ozokerite  of  the  Western 
Turdn  belong  to  a  younger  geological  horiison  than  the  Ferghdna  deposits. 

The  tertiary  deposits  are  closely  connected  with  the  cretaceous  group  in  central 

Turin  ]  they  are  unfossiliferous  in  the  spurs  of  the  Tian- 

er  laries.  Shin,  casts  alone  occurring  and  then  only  in  a  very  few  beds. 

Nummulitiq  limestones  occur  on  the  Aral,  but  are  not  found  elsewhere  in  Turkis- 

tin.      They  are  overlaid  by  lower  and  middle  oligocene    fossiliferous  deposits 

(sandstones,  clays,  and  limestone),  followed  by  miocene  limestone  and  sarmatic  clays. 

The  tertiary  series  of  the  Tian-Shin  is  poor  in  fossils  and  can  scarcely  be  divided 

into  separate  horizons.    Romanofsky  believes  that  eocene,  oligocene,  and  miocene 

formations  are  represented,   overlaid  by  a  largely  developed  pliocene  formation. 

As  eocene,  he  considers  strata  with  Sphenia  ro^traia^  La  m.,  Modiola  suhcarinata^ 
Lam.,  Modiola  jvremejewi^  Rom.,  and  Avicu/a  /rigona/a,  Lam.  From  the  oligocene 
he  cites :  AlUgaior  darwini,  Ludw.,  Os/rca  raincur/t,  Desh^  Os/rea  longirotfrts, 
Lam.,  &c. 

The  miocene  and  pliocene  chiefly  consist  of  conglomerates  and  sandstone  beds, 
and  are  closely  connected  with  the  younger  Aralo-Caspian  formations.  A  charac* 
teristic  Valvaia  is  found  in  the  largely  developed  pliocene  deposits. 

It  was  observed  that  the  tertiary  formations  also  change  in  lithological  character 
further  away  from  the  hills ;  the  shell-limestones  disappearing  and  being  replaced 
by  sandstones.  The  green  gypsum  and  rocksalt-bearing  clays  which  are  so  largely 
developed  in  the  east  gradually  thin  out  westwards,  and  the  great  salt  deposits 
disappear  altogether.    The  coarse  conglomerates  pass  into  fine-grained  varieties. 

According  to  Mushketoff,  it  appears  that  the  tertiaries  of  the  Tian-Shdn  have 
been  deposited  near  a  coast  line ;  whereas  those  of  the  Aral  neighbourhood  are 
of  purely  pelagic  nature.  He  believes  that  the  nummulitic  sea  had  a  considerable 
depth  which  gradually  decreased  in  the  following  periods :  for  instance,  the  Ust- 
Urt  became  dry  land  during  the  sarmatic  epoch,  whereas  the  lower  Sir-Darijri  and 
Oxus  regions  remained  a  marine  area  till  pliocene  times. 

The  pliocene  marine  area  was  the  forerunner  of  the  present  Aralo-Caspian  basin, 
which  gradually  broke  up  into  several  smaller  and  isolated  lake-basins,  many  of 
which  exist  to  the  present  day,  although  constantly  lessening  in  size  and  depth. 

The  entire  series  of  formations,  from  the  cretaceous  to  the  younger  tertiaries, 
forms  one  connected  whole  in  which  the  boundaries  between  the  several  groups  are 
exceedingly  obscure,  owing  to  the  gradual  changes  which  took  place  during  the 
deposition  of  the  series.  During  the  whole  period  of  time,  from  the  cretaceous 
to  the  pliocene,  Turdn  was  covered  by  a  sea,  which  spreading  over  the  Jurassic  con- 
tinent existed  at  first  as  an  open  ocean.  This  gradually  changed  to  a  mediterranean 
sea ;  and  after  deposition  of  the  sarmatic  detritus,  it  became  a  completely  land- 
locked basin,  which  steadily  lessened  m  extent  until  it  is  now  represented  by  several 
isolated  lake  areas. 

The  stratigraphical  features  prove  that  contemporary  with  this  change  in  the 
extent  of  the  ocean  area,  an  uninterrupted  process  of  folding  took  place  in  tke 
surrounding  land  area ;  the  outlines  of  the  present  hill  ranges  having  begun  to  form 
before  the  deposition  of  the  cretaceous  formations. 
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The  Aralo-Caspian  deposits  are  of  very  varying  thickness.  Generally  they  are 
yellow  or  greyish-blue  sandy  clays  with  fine,  often  false  bedding,  completely  cor- 
responding lithologically  with  the  upper  deposits  of  the  Kalmiick  desert.  The 
farown  and  dark  bine  clays  and  white  quartz  sandstones  of  the  Caspian  deposits  are 
entirely  wanting  in  Turdn. 

The  fauna  of  the  Aralo-Caspian  formations  agrees  with  the  living  fauna  of  the 
Aral  and  Caspian  seas.  Cardium  eduUy  L.,  Dreyssena  polymorpha^  Van  Ben.,  Neri" 
iinalUurata^  Eichw.,  Adacana  vUrea^  Eichw.,  Hydrobia  sfagnalis,  L,,  Anodonia 
pondtrosa,  Pfr.,  and  a  sponge,  Metshnikowia  iuierculafa,  Grimm,  were  found  in 
Karakum,  north-east  of  the  Aral.  These  are  forms,  which  in  the  Caspian  live  close 
In  shore,  in  depths  at  most  of  8  fathoms :  Cardium  edule  being  alone  found  at 
greater  depths.  Hydrobia  siagnalis,  Metshnikowia  tuberculaia,  and  Anodonia 
ponderosa  live  at  still  lesser  depths.  Nearer  the  Aral  was  found  Liihoglyphus  cas' 
ptMt,  a  species  which  occurs  in  the  Caspian  at  the  present  day  at  depths  varying 
from  7  to  108  fathoms.  The  Aralo-Caspian  deposits  in  Turdn  are  to  be  considered 
therefore  as  shallow-water  formations. 

Grimm  has  shown  that  the  distribution  of  the  living  fauna  of  the  Caspian  is 
closely  connected  with  the  existence  of  great  deposits  of  drift-sand.  Where  the 
coast-line  is  influenced  by  waves  of  drift-sand,  he  found  animal  life  almost  entirely 
wanting,  a  fact  which,  as  Mushketoff  believes,  explains  the  sporadic  occurrence  of 
fossil  remains  in  the  Aralo-Caspiaui  deposits. 

The  boundaries  of  these  deposits  can  only  be  observed  here  and  there.  Accord- 
ing to  Mushketoff  (contrary  to  the  opinion  of  Barbot  de  Mami),  the  Ergeni  hills 
west  of  the  Caspian  formed  the  old  shores,  and  near  the  parallel  of  Manytsh  a 
narrow  channel  formed  a  connection  with  the  Pontus.  Ust-Urt  and  the  Mugojdr 
range  partly  interrupted  the  connection,  forming  a  long  and  narrow  promontory  in 
the  Aralo-Caspian  sea,  and  thus  divided  it  into  two  separate  basins.  Sewerzoff  thinks 
Aat  the  eastern  basin  may  have  reached  as  far  as  the  Balkash  lake;  whilst  to  the 
southward  the  parallel  of  the  Sultanis-Dagh  may  have  partly  formed  the  boundary. 

The  western  and  larger  **  Caspian"  basin  was  the  deeper.  The  channel  which 
connected  both  runs  between  the  two  Bdlkhan  ranges ;  therefore  along  the  Usboij  to 
eastwards,  into  the  so-called  Sarykamish  basin  which  was  again  connected  with  the 
Aral-basin  through  the  strait  of  Aybugir  between  the  Ust-Urt  and  Sultanis-Dagh. 

Mushketoff  expresses  himself  decidedly  against  Grimm's  opinion  that  the  Usboij 
was  the  former  course  of  the  Oxus. 

Climatic  changes  brought  about,  and  are  still  active  in  bringing  about,  the 
narrowmg  of  both  sea  tracts  of  the  Aralo-Caspian  area ;  the  disappearance  of  the 
channels  of  communication  between  both  basins  having  been  the  first  step  in  the 
(firection  of  this  shrinkage. 

Mushketoff  divides  the  drift-sand  into  two  kinds,  which  form  the  littoral  and  the 
continental  areal  deposits. 
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Dry  and  cold  north  and  north-east  winds  are  the  prevailing  air  currents  daring 
the  dry  seasons  (summer  and  autumn) ;  they  absorb  moisture,  even  such  moisture  as 
the  isoil  may  receive  from  rain  and  snow  during  the  remainder  of  the  year.  This 
accounts  for  the  rapid  destruction  of  the  cretaceous  and  tertiary  sandstone,  the 
decomposed  material  of  which  is  carried  away  by  the  air  currents  of  the  dry  seasons 
and  re-deposited  in  the  deserts  of  the  Oxus  and  Sir-Dariyd. 


Crystalline  and  Metamorphic  Rocks  of  the  Lower  Himalaya,  Garhwal,  and 
Kumaun*  Section  I,  by  C.  S.  Middlemiss,  B.A.,  Geological  Survey 
of  India  iyvMh  map  and  plate). 

Introduction. 

Although  much  has  been  done  recently,  by  Colonel  McMahon,  to  bring  to  light 
the  structures  of  the  gneissose  and  other  crystalline  rocks  of  the  N.  W.  Himalaya, 
and  to  frame  reasonable  hypotheses  as  to  their  cause,  it  must  be  admitted  by 
every  one  who  has  looked  into  the  subject  that  much  yet  remains  unaccomplished. 
Microscopical  work  of  high  order,  and  detailed  sections  carried  along  one  or  two 
lines  of  country,  are  of  the  greatest  service  to  geology ;  and  the  value  of  the  papers 
which  Colonel  McMahon  has  from  time  to  time  contributed  to  this  journal  cannot 
be  over-estimated.  But  for  the  rational  account  of  an  expanse  of  crystalline  rocks 
something  more  is  wanted  which  the  above  cannot  supply ;  I  refer  to  the  actual 
tracing,  step  by  step,  of  their  relations  in  the  field,  or  in  other  words,  a  patient 
mapping  of  the  district  on  an  adequate  scale.  Petrography  at  the  [Nresent  day  is  in 
such  a  state  of  transition  with  regard  to  many  of  its  most  vital  principles^  that  the 
reading  of  any  one  district  by  the  petrographical  alphabet  made  out  in  another 
should  be  supplemented  by  deliberate  endeavour  to  ascertain  how  far  that  alphabet 
can  apply  to  the  district,  and  by  how  much  it  falls  short.  With  this  end  in  view,  it 
seems  to  me  that  fairly  detailed  descriptions  of  the  arrangement,  internal  structure, 
lie,  and  associations  of  the  crytalline  rocks  of  this  part  of  the  Himalaya,  drawn  from 
exhaustive  field  observations,  will  constitute  the  safest  and  most  impartial  evidence 
attainable  in  the  great  questions  always  pressing  for  solution  among  crystalline  and 
metamorphic  rocks.  I  therefore  propose  to  describe  here  and  subsequently  a  series 
of  localities  where  these  rocks  appear  to  show  to  the  best  advantage,  the  descriptions  in 
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all  casea  being  based  on  a  thorough  mapping  of  the  area  on  the  one  inch  scale.  There 
will  then  be  no  need  for  elaborate  argument  and  careful  balancing  of  probabilities ; 
each  locality  will  tell  its  own  tale,  so  far  as  structure,  lie,  and  behaviour  of  the  rocks 
can  tell  it ;  each  district  will  depend  entirely  on  its  own  internal  evidence  alone,  and 
I  shall  endeavour  as  much  as  possible  to  banish  the  risky  proceeding  of  generalizing 
over  large  areas.  Detailed  field  exploration  is  the  basis  of  geology,  and  sooner  or 
later  will  extract  the  secrets  from  the  rocks  ;  and  that  without  recourse  to  interpret 
tations  borrowed  from  other  countries,  which  may  be,  but  are  equally  likely  no/ to  be, 
applicable,  and  without  appeal  to  principles  and  theories  supposed  to  be  universally 
accepted,  but  which  may  be  after  all  only  partially  true. 

DuDATOLi  Mountain,  British  Garhwal. 

I  will  begin  these  descriptive  notes  by  an  account  of  Dudatoli  Mountain  and 
its  surrounding  spurs.  I  have  already  menti^i^ed  it  in  a  previous  number  of  the 
"Records,"  but  without  giving  any  details.^  This  mountain,  which  rises  to  the  height 
of  10,188  feet,  constitutes  the  source  of  the  Ramganga  and  the  east  and  west  Nyar 
rivers,  all  of  which  are  tributaries  of  the  Ganges.  It  is  by  far  the  highest  mountain 
in  the  neighbourhood.  Most  of  its  upper  slopes  are  covered  with  dense  forest  of 
pine,  with  an  undergrowth  of  Ringall  reeds ;  snow  lying  for  a  great  part  of  the  year 
among  its  sheltered  and  rocky  ^tnesses.  Without  implying  more  than  is  directly 
stated,  I  may  say  that  it  bears  a  very  strong  resemblance  to  Kalogarhi  Mountain^ 
(Kilandanda)  situated  further  to  the  south-west  and  near  the  plains  and  also  to  the 
Cbor  Mountain  near  Simla;  both  in  the  way  it  rises  above  the  sunounding  country 
and  in  its  geological  structure. 

Speaking  roughly,  Dudatoli  and  its  neighbouring  hill  spurs  may  be  said  to  be 
^   ,    .    ,  composed  of  two  sets  of  rocks,  namely,  mica  schist  and 

Gcolo&'ical  structure.  -  — ,,  .  ,  ,   ,     , 

^  gneissose  gramte.    These  vary  among  themselves  and  shade 

o&  into  different  varieties  which  will  be  mentioned  in  due  course.  Their  general 
surface  arrangement  will  be  seen  from  the  accompanying  map.  The  structural 
features  are  those  of  a  quaquaversal  synclinal  elongated  in  the  direction  north- 
west— south-east.  The  uppermost  and  lowermost  beds  are  schists  of  varying  charac- 
ter; whilst  the  gneissose  granite  appears  at  numerous  horizons  insinuated  among  the 
schists,  seemingly  bedded  with  them,  but  in  lenticular  beds  which  expand  or  thin 
out  with  extreme  rapidity.  On  the  east,  south,  and  west  sides  these  lenticular  beds 
are  v^  prominently  developed,  whilst  on  the  north  there  is  only  one  thin  but 
continuous  band.  The  Dudatoli  ridge  itself  is  very  nearly  uniformly  composed  of 
the  gneissose  granite,  the  one  or  two  thin  bands  of  mica-schist  which  intervene  being 
very  unimportant.  East  of  a  line  between  the  two  Dudatoli  peaks,  the  gneissose  rock 
rabidly  breaks  up  into  a  fringe  of  thin  beds  whose  foliation  planes  dip  roughly  to- 
wards the  south-west.  They  ultimately  thin  out  altogether.  West  of  the  two  peaks 
there  is  one  blunted  protruding  mass  in  the  direction  of  Gulek,  whilst  the  long  thin 
band  alluded  to  above  passes  from  Dobri  trigonometrical  station  by  Tarakakand, 
Banjkot,  and  Kotkhandia  trigonometrical  stations,  and  the  villages  Sountee  and  Hartur. 
Near  the  last  mentioned  place  it  is  interrupted  by  a  fault,  but  {^parently  was  origi- 
nally continuous  into  re-connection  with  the  Dudatoli  massif  by  means  of  the  band 

'  Records,  XX.  pt.  1,  p.  40* 


136  Records  ofjhe  Geological  Survey  of  India.  [VOL.  XX. 

which  now  runs  along  the  Bandii^  ridge.  This  tongue  of  gneissose  granite  has 
thus  almost  completed  an  ellipse  of  outcrop,  and  from  the  quaquaversal  dip  can  only 
indicate  a  continuous  sheet  beneath  the  schistose  strata  of  Naori  which  are  Uie  highest 
beds  visible"of  the  series.  Apparently  below  this  continuous  bed  there  are  several 
more  lenticular  masses  of  the  gneissose  granite  inserted  between  the  schistose  strata, 
but  only  outcropping  on  the  south  side  of  the  synclinal.  They  rapidly  thin  oat 
towards  the  north-west  beyond  Dujukatoli  and  gradually  coalesce  for  the  most  part 
towards  the  east-south-east  and  join  the  south  extension  of  the  Dudatoli  massif.*  South 
of  Kainur  there  are  one  or  two  very  thin  beds  wli^ch  run  for  a  short  distance  and  thin 
out  both  ways.  If  they  have  any  connection  with  the  main  mass  of  the  rock  it  must 
be  a  subterranean  one. 

I  have  already  called  attention  to  the  like  disposition  of  the  similar  rocks  at 
Kalogarhi  Mountain  and  at  the  Rama  Serai,^  and  I  here  lay  especial  stress  upon  the 
fact,  because  in  a  line  of  section  %pm  the  Sub-Himalayan  boundary  to  the  snows 
running  through  Kalogarhi,  Dudatoli,  and  Kedamath,  the  only  regular  apparent 
synclinals  of  any  importance  are  connected  with  the  gneissose  and  schistose  series. 
Nowhere  except  on  the  north  side  of  a  mass  of  gneissose  granite  is  there  ever  a 
prevailing  souUi  dip  of  the  strata.  This  may  be  eiUier  a  coincidence  or  a  neces- 
sary relation.    I  leave  the  question  at  present  to  be  afterwards  returned  to. 

I  now  come  to  some  of  the    most  marked  features  in  the  schistose  series, 

which  forms  as  it  were  a  groundwork  for  the  gneissose 
08C  series.  ^j2LTi\\<^.  Over  a  large  area  these  rocks  consist  of  the  more 
arenaceous,  or  quartz-schist  type  with  thinner  dividing  beds  of  more  argillaceous 
schists ;  the  schistosity.being  not  very  marked.  Foliation  takes  place  in  the  majoritjr 
of  cases  along  the  original  bedding,  as  is  well  demonstrated,  where  the  arenaceous 
and  slaty  types  interbed.  In  some  few  cases  however  I  found  it  crossing  the  bedding 
along  incipient  cleavage  planes,  especially  in  some  quartz-schists;  whilst  fihns  of  mica 
were  often  visible  along  joint  planes.  In  addition,  wherever  the  rocks  had  been 
much  crushed  and  cut  by  nearly  parallel  divisional  planes  and  by  slickensides  their 
surfaces  were  also  coated  with  a  thin  micaceous  glaze.  In  some  cases  among  the 
quartz-schists  laminse  more  or  less  micaceous  had  been  cleaved  across,  and  the  mica 
plates  re-arranged  perpendicular  to  the  laminse  where  they  occur.  To  whatever  cause 
this  regional  metamorphism  be  due,  it  is  certain  that  it  begins  imperceptibly  and 
continues  with  a  minor  degree  of  intensity  over  a  large  tract.  The  section  from 
Shdnkar  on  the  Ramganga  due  north  to  near  Hansuri  on  the  east  Nyar  plainly 
demonstrates  this.  About  a  mile  from  any  outcrop  of  gneissose  granite  as  we 
approach  the  Dudatoli  massif,  in  no  matter  what  direction,  there  is  a  rapid,  but 
gradual  change  sets  in  in  the  metamorphism  of  the  schistose  beds.  The  faint  films 
of  micaceous  material  assume  by  degrees  the  aspect  of  distinct  layers  of  mica  plates 
of  considerable  thickness.  Vein  quartz  appears  ramifying  along  the  foliation  planes. 
Garnets  gradually  assemble  in  the  schist ;  first  showing  as  minute  pin-heads  under 
a  coating  of  what  one  may  call  mica-leaf,  and  gradually  increasing  in  size  and 
definiteness  concomitantly  with  the  mica  until  they  reach  an  average  size  of  peas, 
and  rarely  as  large  as  filberts.    On  every  side  of  the  Dudatoli  area  can  these  most 
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striking  changes  be  observed.  In  the  present  paper  I  am  only  offering  evidence 
ooUectsd  in  the  field,  and  consequently  confine  my  observations  to  what  is  visible 
under  a  pocket  lens  or  to  the  eye. 

The  more  intensely  crystalline  schists  may^  as*  a  rule,,  be  diWded  into  two  kindi 

from  a  structural  point  of  view.  The  more  common  type  is 
arte  o  e  sc  1  .  ^^^  j^  which  the  planes  of  foliation  have  a  wavy  or  blistered 
appearance,  and  are  completely  eoveied  with  mica  of  a  pale  silvery  hue.  The  leaves 
of  mica  are,  as  it  were,  welded  together  along  the  wavy  irregularities  of  the  foliation 
planes,  forming  an  unintenupted  layer  ei  the  shining  mineral.  Under  the  lens  the 
gahiets  are  of  a  dull  claret  colour,  and  when  not  mere  grains  are  of  a  more  or  less 
distinctly  crystalline  form.  The  break  of  continuity  along  the  foliae,  caused  by  a 
garnet,  is  always  overcome  by  the  mica  plates  wavinground  it  on  both  sides.  Never* 
theless,  I  also  found  other  plates  which  ran  undisturbed  towardsthe garnet, andthen 
stopped  abruptly  (see  fig.  1).  The  qtiiavtz,  which*  m  this  type  is  very  subordinate, 
is  of  necessity  present  in  lenticular  layers  between  the  waving  sheets  of  mica. 
Secondary  quartz,  in  large  lenticular  or  nodular  stnngs,.  enwrapped  in  a  thin  tissue  of 
mica,  is  frequently  met  with.  The  other  type  of  schist  is  a  much  more  quartzose 
rock,  and  is  regularly  bedded  with  the  former.  The  mica  in  this  case  does  not  cover 
in,  in  a  complete  manner,  the  foliation  planes.  Instead,  it  is  disseminated  in  small 
flakes,  and  is  of  silvery  hue,  and  also  brown.  At  the  same  time,  their  arrangement 
is  always  parallel  with  the  bedding,  catising  a  genuine  foliation.  Garnets  are  scarcer 
than  in  the  fon»er  rock. 

The  first  of  these  two-  types  is  only  rarefy  puckered  or  corrugated.  Near 
Ms^ori  pass  south-east  of  Dudatoli  there  is  a  variety  in  which  the  mica  plates,  with 
a  lotden  shees^  have  the  appearance  of  shrivelled  tea-leaves.  A  rather  singular 
stmctore  arrested  my  attention  in  the  schistose  beds  as  they  are  advancing  from 
the  widely  spread  slightly  schistose  kind  to  the  more  intensely  metamorphic  border 
romid  the  gneissose  granite.  The  Miation  surfaces,  which  were  very  regular, 
straight  planes,  shewed  a  set  of  paraDel  ridges  and  furrows  running  in  the  direction 
of  the  dip.  They  were  very  minute,  and  a  good  idea  of  the  efEect  to  the  eye  may 
be  obtained  from  the  aspect  of  a  corrugated  iron  roof. 

I  may  here  emphasize  two  points— first,,  the  schist  found  near  the  gneissose 
granite  is  entirely  a  thorough  crystalline  schist,  a  fact  needing  no  microscope  to  de- 
monstrate ;  and  secondly,  along  a  line  of  country,  where  rock  is  exposed  at  every 
step,  it  is  seen  that  this  culminating  intense  form  graduates  into  a  wide-spread  less 
intense  form,  and  that  in  turn  graduates  into  ordinary  slates  and  quartzites. 

From  the  universality  of  the  changes  as  the  gneissose  granite  is  approached,  it  is 
only  reasonable  to  conclude  either  that  the  extra  schistosity  and  the  development  of 
garnets  were  brought  about  by  the  introduction  of  the  gneissose  granite  (in  whatever 
way  the  latter  was  produced),  or  that  they  and  the  gneissose  granite  were  the  joint 
result  of  some  more  remote  and  subtle  cause.  In  any  case,  the  two  rock  sktes  are  ^ 
60  inseparable  that  they  may  be  classed  as  contemporary.  It  follows  that  whatever 
can  be  proved  concerning  the  geological  age  of  the  one  may  be  taken  as  evidence 
for  the  age  of  the  other.  The  importance  of  this  will  be  noticed  in  a  paper  to 
follow. 

I  was  unable  to  gather  any  clue  from  the  manner  of  occurrence  of  the  garnets. 
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The  bending  round  of  the  mica  plates  does  not  satisfy  me  as  an  argument  for 
the  priority  of  crystallisation  of  the  garnets.^  I  may,  however,  say  that  the  latter 
in  all  their  stages,  from  the  minutest  speck  to  the  fully  crystallised  form,  were 
always  intact:  there  was  no  sign  of  crushing  or  drawing  out  of  them  with  the 
foliation.    Perhaps  a  microscopic  examination  may  yield  more  decisive  results. 

Turning  now  to  the  gneissose  granite  of  the  Dudatoli  neighbourhood,  it  is  neces- 
.  sary  to  say  something  of  its  mineralogical  composition.    In 

neiasose  gram  .         ^^  j  ^^y  ^  hml,  partly  because  the  rock  seems  to  answer 

perfectly  to  much  of  the  allied  rock  already  so  luminously  described  by  Colonel 
McMahon,  and  partly  because  the  object  of  this  paper  is  rather  to  draw  attention  to 
the  larger  aspect  of  the  rock  in  the  field  than  to  its  microscopical  character.  At  the 
same  time,  I  may  point  out  that  its  coarsely  crystalline  condition  makes  the  examin- 
ation under  the  lens  not  so  hazardous  and  superficial  a  matter  as  it  might  otherwise 
appear.  It  must  be  borne  in  mind  that  I  am  speaking  at  present  of  the  rock  in  this 
locality  of  Dudatoli  only. 

The  rock  as  a  whole  may  be  said  to  be  eminently  felspathic,  and  distinguished 
from  an  ordinary  granite  or  gneiss  by  the  presence  of  schorl  crystals.  These  latter 
occur  in  all  manner  of  conditions,  from  large  to  small,  from  perfect  prisms  to  oth^s 
which  are  manifestly  severed  portions  of  a  single  prism,  and  held  together  like  a 
string  of  beads.  The  schorl  is  the  most  completely  crystallised  of  the  minerals ;  the 
micas,  black  and  white,  come  next,  often  constituting  the  only  perfectly  crjrstailised 
minerals  in  the  {rock.  Orthoclase,  in  rectangular  prisms  sometimes  twinned,  is  not 
typical  in  the  rock,  but  usually  appears  as  in  an  "  ai^en"  or  kernel  gneiss.  The  qoartz 
as  in  all  granites  is  always  without  crystalline  form  and  fills  the  interstices  between 
the  other  minerals.  In  many  cases  minute  granules  of  quartz  and  small  portions  of 
schorl  are  contained  in  the  larger  porphyritic  orthoclase  crystals  and  **eye9** 
Garnets  occur  very  sparingly,  sometimes  singly  and  sometimes  in  nests.  Kyanite^ 
Beryl,  and  other  accessory  minerals  I  am  confident  are  not  present  in  this  locality. 

This  outline  is  sufficient  to  shew  the  general  mineralogical  resemblance  between 
this  rock  and  others  described  by  numerous  writers  on  other  parts  of  the  Himalaya. 

In  themselves  the  minerals  are  not  so  important  as  in  their  mode  of  arrangement 
which  varies  so  conspicuously  in  diCEerent  parts  of  the  same  mass  of  gneissose 
granite  that  it  requires  very  special  mention.  In  describing  these  I  may  add  that 
they  are  paralleled  nearly  always  in  the  Chor  and  Kalogarhi  Mountains ;  bat  at 
Kedarnath  we  come  upon  rocks  of  an  altogether  different  structure,  and  none  of  the 
remarks  to  follow  will  consequently  apply  to  the  gneissose  rock  of  the  snowy  range 
where  I  have  at  present  seen  it.  The  latter  better  agrees  with  Stoliczka's  "Central 
gneiss"^  or  what  Fouqu^  and  L^vycall  "gneiss  granulitique." *  I  hope  to  describe 
it  later. 

The  Dudatoli  gneissose  granite  for  the  purpose  of  classification  easily  divides  np 

Varieties  of  the  gneis-     ^^^0    three  types— (A)  foliated,  (B)  semi-fouatkd,   (C) 

sose  granite.  NON-FOLiATKD.    Thcsc  three  all  graduate  one  into  the  other. 

(A)  maybe  sub-divided  into  (i)  Tabular  foliated,  (2)  Lenticular -Tabular  foliated. 

^  See  Mindralogie  Micrographique,  Fouqu^  and  L^vy,  Manche  III.,  fig.  2. 
■  See  Mem.  G.  S.  I.,  V.,  pt.  I,  p.  12. 
*  Min^ralogie  Micrographique,  p.  175. 
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(A)  (i)  is  a  variety  not  often  seen  in  this  part,  and  then  only  near  the  junction  with 
the  schists.  It  is  the  most  decidedly  fissile  of  any  of  the  varieties,  It  is  built  up  of 
continuous  straight  folise  of  felspar  and  quartz,  with  intermediate  folise  of  mica  in 
continuous  films.  These  each  run  their  own  course  at  least  for  a  great  distance 
without  coinciding,  the  mica  being  very  generally  muscovite  only.  To  the  weather 
and  to  the  hammer  this  rock  behaves  more  like  a  schist  than  a  granite  (see  fig.  3). 

(A)  (3)  is  much  more  common,  especially  in  the  thinner  bands  of  the  rock,  which 
occur  near  the  outskirts  of  the  gneissose  granite  area.  In  it  the  felspar  is  still  un- 
differentiated into  eyes  or  crystals ;  but  the  folise  of  felspar  and  quartz  swell  out  and 
thin  again  (see  fig.  3),  foreshadowing  the  perfect  eyes  of  the  prevailing  forms  of  the 
gneissose  granite  (see  B).  In  using  the  words  ''  undifferentiated  "  and  **  foreshadow- 
ing," I  by  nomeans  imply  that  the  lenticular-tabular  is  necessarily  an  embryonic  condi- 
tion of  tiie  augen.  It  seems  as  likely  that  the  reverse  is  the  case,  for  in  some  quartzites 
ot  coarse  grain,  between  Rudarprayag  and  Agastmundi,  I  have  seen  the  grains, 
cxriginally  rounded,  absorbing  smaller  portions  of  quartz  at  each  end  and  so  taking  on 
a  lenticular  appearance,  which  with  the  mica  films  developed  coincidently  gave  the 
appearance  of  a  lenticular-tabular  quartz  schist  (see  fig.  5). 

(B)  may  be  sub-divided  into  (i)  Augen,  (2)  Porphyritic-^ugen. 

In  (B)  (i)  the  different  mineral  layers  are  no  longer  distinct.  On  the  contrary, 
the  mica  plates  of  two  layers  unite  with  each  other  on  each  side  of  an  **  eye,"  thus 
cutting  up  the  felspathic  layer  into  a  number  of  isolated  eyes  (see  fig.  4).  The  long 
axes  of  the  eyes  being  parallel  give  the  semi-foUated  character  to  the  rock.  Con- 
nected with  this  sub-division  is  a  rock,  which  on  the  foliation  planes  shews  eyes  of 
febpar  blotched  and  drawn  out  in  the  direction  of  dip.  It  and  the  lenticular-tabular 
quarts  schist  mentioned  above  seem  to  indicate  differential  movements  of  the  parti- 
des  of  the  rock,  and  are  paralleled  by  structures  in  other  basic  rocks,  which  I  hope 
to  describe  in  another  number. 

(B)  (3)  only  differs  from  (B)  (i),  by  containing,  in  addition,  larger,  more  blunted 
eyes  at  intervals,  very  often  turned  in  directions  other  than  parallel  with  the  foliation 
and  sometimes  approximating  to  a  rectangular  outline.  This  sub-division  is  the  most 
developed  of  any  at  Dudatoti,  the  Chor  and  Kalogarhi. 

(C)  in  all  respects  resembles  a  normal  granite,  and  is  usually  porphyritic,  the 
porphyritic  crystals  being  always  sharply  rectangular  and  often  twinned.  They  are 
oriented  in  all  directions. 

The  result  of  a  careful  examination  of  the  Dudatoli  area  is  to  shew  that  the  sub- 
division (A)  (3)  is  nearly  always  found  in  the  thinner  bands 

tn^Sm^  ^"^  ^  ^*'     ^'^^^  ^^^'  ^^^  ^^  ^^®  thicker  ones  near  the  junction  witii  the 

schists.  The  division  B  is  found  impartially  in  all  but  the 
tUnnest  bands.  The  division  C  is  only  found  in  those  parts  where  the  bands  of 
gneissose  granite  have  united  together  to  form  a  wide  continuous  mass,  and  then 
only  in  small  quantities  compared  with  the  division  B.  These  results  may  be 
riMftly  stated  by  saying  that  the  more  the  rock  loses  its  bedded  appearance  the 
more  it  approaches  a  massive  and  perfecUy  granitic  form;  whilst  wherever  it 
ahemates  rapidly  by  interbedding  with  the  schists,  the  foliated  and  semi-foliated 
types  predominate. 

c  z 
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I  must  now  advert  to  a  consideration  of  the  inter-relations  between  the  schists 
Inter-relations  be-  *^^  *^®  gneissose  granite.  These  are  of  such  great  im- 
tween  the  schists  and  portance  in  understanding  by  how  much  the  latter  has  acted 
the  gneissose  granite.  functionally  as  an  intrusive  rock,  arc  so  amply  demon- 
strated by  close  work  with  the  hammer,  and  may  hence  be  said  to  be  the  field- 
geologist's  speciality,  that  I  make  no  apology  for  treating  them  fully  in  this  place. 
The  gneissose  granite  of  Dudatoli,  in  no  case  that  I  know  of,  breaks  through  the 
schists,  disturbing  them:  no  violent  contortions,  no  puckerings  of  the  foliation 
planes  ever  take  place  as  disdnct  results  of  the  intrusion  of  the  gneissose  granite.  The 
difEerence  between  this  rock  and  a  genuine  intrusive  granite  with  large  masses  of  rous- 
covite,  which  very  rarely  occurs  in  the  Dudatoli  area,  and  which  by  the  fact  that  it 
has  no  passage  forms  towards  the  gneissose  granite  may  be  considered  to  be 
entirely  distinct  and  doubtless  of  another  geological  age,  is  most  marked.  A  block 
of  mica-schist  containing  the  latter  is  penetrated  irregularly  by  an  amoebiform 
mass  of  it  which  at  every  thrown-out  process  or  vein  has  crumpled  and  tortured 
the  schist  into  utter  compliance  with  its  own  irregularities  of  shape.  Compare 
this  with  the  thin  band  of  gneissose  granite  near  Hansuri,  thoroughly  exposed  in 
the  river  section.  Its  upper  and  lower  surfaces  are  perfect  planes  fitting  in  with 
similar  planes  in  the  mica  schist.  If  the  former  rock  had  been  sawn  in  a  mason's 
yard  and  fitted  in  with  artistic  precision,  it  could  not  present  a  more  composed 
aspect,  both  in  ^its  own  regular  structural  planes  and  in  those  of  the  mica  schist 
among  which  it  lies.  And  yet  the  two  rocks  are  so  unlike  that  a  pencil  point  may 
be  placed  precisely  on  the  junction  line.  Or  consider  again  what  looks  on  the 
map  a  contradiction  to  the  statement  of  its  non-eruptive  character,  viz.^  the  blunted 
process  near  Gulek.  At  Burari  the  dip  of  the  foliation  of  the  gneissose  granite 
is  S.-W.  30^ ;  and  that  of  the  schists  in  contact  is  perfectly  parallel.  Following 
the  junction  boundary  north-west,  there  is,  near  Risti,  a  more  westerly  dip  in  the 
gneissose  granite ;  and  this  is  also  conformed  to  by  the  schistose  beds.  East  of 
Gulek  the  dips  of  both  have  worked  round  towards  the  north-west,  still  retaining 
their  concordancy.  Similarly,  if  the  boundary  line  be  further  examined,  turning 
towards  the  north  and  north-west  below  Dobri  trigonometrical  station,  it  will  equally  be 
seen  that  there  is  no  sudden  intrusion,  no  erupting  of  the  one  rock  among  the  other, 
but  on  the  other  hand  that  each  has  its  foliation  planes  perfectly  parallel  with  the 
other,  and  there  is  no  contortion  or  puckering  of  the  mica-schist  whatever.  Without 
going  into  detail  over  the  whole  map,  I  may  summarily  state  that  everywhere, 
except  where  a  fault  is  manifest,  the  lie  of  the  one  rock  coincides  completely  with 
the  lie  of  the  other :  such  an  event  as  the  foliation  lines  of  one  crossing  at  right 
angles  the  foliation  of  the  other  is  unknown. 

That  the  foliation  represents  true  bedding,  is  placed  beyond  a  doubt  by  the 
numerous  river  sections  where  from  a  great  height  the  interbedding  of  the  two  rocks 
can  be  traced  conforming  to  the  trend  of  the  foliation  planes.  Thus  the  gneissose 
granite  is  insinuated  among  the  schists ;  and  if  it  is  intrusive  from  a  foreign  source 
and  not  inborn,  it  must  have  acted  on  the  principle  of  the  wedge  and  parted  the 
schists  with  wonderful  precision  along  very  great  distances.  At  Kalogarhi  the 
same  remarks  apply. 
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individual  beds  of  the  gneissose  granite  are,  as  a  rule,  sharply  marked 

«.  of!  from  the  mica-schist,  although  a  large  bed  nearly  always 

«B      Mm  exposures.         gpiftj  ^p  i^to  numerous  smaller  ones  near   the  schistose 

°*^-«"^^iu    These  cannot  be  rendered  on  the  map.    An  exception  to  this  rule  at 

^^^"^      village  is  very  striking.    There  the  schists  merge  into  the  gneissose  granite 

^y    ^'Ir^e  gradual  acquisition  of  felspar.    This  takes  place  in  such  minute  quantities 

^^     fipst»  in  the  form  of  small  veins,  that  it  is  impossible  to  say  where  the  one  rock 

md  the  other  begins.  The  same  conditions  are  repeated  numberless  times ; 

only  diagramatic  mapping  can  be  attempted  there, 

le  junction  section  at  Marwara  needs  a  few  special  remarks.    The  gneissose 

te  of  (B)  (3)  t}'pe  does  not  fade  away  into  the  schist,  but  it  stops  abruptly  and  is 

—^'^O'^ved  by  a  pure  mica-schist  composed  of  bronze-coloured  mica  and  quartx. 

.mong  the  mica-schist  next  the  gneissose  granite  there  are  thin  beds,  3  T)r  4 

across,  of  fine-grained  gneissose  granite,    very  sharply  cut  oft  from  the 

>— schist.    There  may  be  a  dozen  or  more  of  them  (see  fig.  6).    Notwithstand- 

t-lieir  thinness,  porphyritic  crystals  of  orthoclose  are  developed,  often  filling  up 

'hole  of  the  breadth  of  the  band,  and  even  where  too  large  slightly  bulging 

^lie  walls  of  mica-schist. 

»ne  more  junction  structure,  well  marked  at  Byansi,  is  that  of  a  mica-schist  as 
»und-wOTk,  in  which  large  porphyritic  eyes  of  orthoclase  are  developed  singly 
strings.    The  schist  is  fine-grained  and  the  eyes  of  orthoclase  stand  out  in 
relief.    In  other  parts  of  the  Himalaya  I  have  seen  this  doubtful  form  pre- 
*  ^^  ^ng  almost  to  the  exclusion  of  any  other. 

^    have  only  seen  one  included  fragment  of  rock  in  the  Dudatoli  gneissose 

granite.    This  was  in  a  large  torrent  boulder  in  the  stream 

l^IIue!."  ^^'^  ^"'''*'     *^e*®^  Kainur.    The  boulder  was  of  the  porphyritic  augen 

type,  and  the  included  fragment  of  mica-schist  of  the  more 
>us  kind  (see  hg,  7).    Doubtless  more  exist,  but  I  am  inclined  to  think  they 
\}y  no  means  plentiful.    A  cursory  examination  of  the  Chor  in  1884  revealed 
^al  examples  of  inclusions  of  schist  and  quartzite ;  whereas  more  detailed  work  at 
atoli  has  only  been  rewarded  by  one  find, 
turning  to  the  geotectonic  features  of  the  area,  the  problems  expressed  in  the 
.  present  synclinal  arrangement  of  the  beds  are  many.    The 

certamty  that  at  some  period  there  must  have  been  a  folding 
^lie  rocks  leading  up  to  the  synclinal,  provokes  the  question  whether  this  earth- 
^Vement  took  place  before  or  after  the  introduction  of  the  gneissose  granite.    If 
^Ore,  then  we  have  to  account  for  the  latter  choosing  a  widespread  synclinal  oasis 
-.      the  place  at  which  to  escape  from  its  plutonic  confinement ;  if  after,  we  must  seek 
^^  the  influence,  which  the  gneissose  granite  possessed,  in  holding  in  check  the 
^^ves  of  flexure,  which  setting  in  from  all  sides  seem  to  have  subsided  so  conspi- 
^ously  before  the  gneissose  granite,  here,  at  Kalogarhi  and  at  the  Rama  Serai, 
^e  other  alternative,  that  they  were  contemporaneous,  remains.    Can  the  waves  of 
<H)ntortion,  meeting  at  this  point,  have  neutralized  one  another's  sensible  movements 
and  thereby  induced  the  movements  of  particles  and  of  molecules,  causing  cleavage, 
heat,  and  metamorphism  ? 
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In  endeavouring  to  look  these  questions  in  the  face  we  have  the  following  facts  to 
go  upon  :— 

(i)  Plutonic  and  metamorphic  action  by  their  deep-seated  nature  cannot  be 
said  to  be  influencing  the  Dudatoli  area  at  the  present  time,  nor  to 
have  done  so  in  the  immediate  past. 

(3)  A  wave  of  contortion  of  the  strata,  resulting  in  a  quaquaversal  thrust  plane 
round  the  Kalogarhi  centre,  in  post-nummulitic  times,  was  proved  in 
my  last  paper  (Rec,  XX,  pt  I) ;  whilst  successive  waves  of  longitudi* 
nal  flexure,  at  still  more  recent  dates,  involving  last  of  all  the  Siwalik^ 
have  long  been  acknowledged  as  affecting  the  whole  of  the  Himalaya. 

From  these  considerations  it  seems  that  the  crystalline  rocks  of  Dudatoli  moil 
have  long  ago  finished  their  metamorphism,  whilst  they  have  continued  to  suffer 
tangential  pressure  all  through  tertiary  and  recent  times,  if  not  from  a  more  remote 
period.  I  am  aware  that  Colonel  McMahon  holds  to  the  late  tertiary  age  of  the  gneit^ 
sose  granite  of  other  parts  of  the  Himalaya ;  but  speaking  of  the  parts  of  Garhwaland 
Kumaun  with  which  I  am  acquainted,  I  fail  to  see  how  a  rock  of  deep-seated  origin^  like 
that  of  Kalogarhi  at  a  present  elevation  of  6,000  feet,  can  by  any  possibility  be  later 
than  tertiary  strata  in  the  tame  locality ^  prominent  for  nothing  so  much  as  their  uniform 
restriction  in  height  to  between  the  3,000  and  4,000  feet  levels.  (See  map,  Rec,  XX^ 
pt.  I.)  And  further,  from  their  forming  that  prominent  feature  on  the  plain-ward  side  • 
of  the  hills,  to  which  the  name  Sub-Himalayan  has  been  given,  out  of  which  thej 
stray  markedly  neither  in  an  upward,  downward,  nor  lateral  direction,  it  would  be^ 
unreasonable  to  urge  that  they  might  have  once  covered  much  of  the  Himalayas 
region,  and  that  their  present  state  is  but  an  infinitessimal  relic  of  their  former 
wide  extension,  dropped  or  forced  low  by  faulting.  That  reversed  faulting  has 
in  a  manner  tended  to  preserve  them  when  they  would  otherwise  have  perished 
much  more  by  denudation  I  have  no  doubt;  but  looking  at  the  tertiaries  in  a  ^ 
broad  comprehensive  light,  it  is  manifest  that  their  position  on  the  plain- ward  edge 
of  the  hills  at  a  uniform  height  and  extending  for  hundreds  of  miles  thus,  is 
analogous  on  a  large  scale  to  a  raised  beach  or  high  level  gravel  only  modified  bjf 
subsequent  faulting.  This  is  in  substance  what  Mr.  Medlicott  has  always  advocated.^ 
Pushing  home  the  argument  still  further  there  is  a  step-like  arrangement  among  the 
individual  members  of  the  tertiaries ;  for  the  oldest  is  usually  in  the  highest  position 
and  reaches  further  into  the  Himalaya,  whilst  succeeding  younger  members  stand  at 
lower  levels  and  nearer  the  plains,  the  last  of  which  the  Siwalik  fronts  the  plains  and 
rises  out  of  them  to  a  comparatively  low  elevation.  Hence  it  is  clear  that  each  lateral 
thrust  of  the  mountain  area  since  nummulitic  times  caused,  or  was  accompanied 
by,  a  further  rising  of  the  margin  of  the  hills ;  and  the  tertiary  deposits  were  stranded^ 
one  after  the  other,  in  positions  varying  in  height  according  to  their  age. 

To  urge  that  the  gneissose  granite  of  Kalogarhi,  at  6,000  feet,  could  have  been 
formed  during  this  tertiary  period  of  steady  periodical  rise,  is  akin  to  claiming  a  sea^liff 
as  younger  than  the  sandy  shore  at  its  base.  There  is  also  good  reason  to  think 
that  if  the  country  had  been  depressed  in  tertiary  times  sufficient  to  allow  of  the 
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fonnatkm  of  the  gneissose  granite  where  Ralogarhi  now  is,  there  would  have  been 
some  phenomena  of  metamorphism  exhibited  by  the  tertiaries  themselves,  especially 
since  in  the  Kotedwar  glen  they  are  only  distant  5  or  6  miles  from  the  intrusive  boss  of 


On  the  whole,  it  would  seem  that  Plutonic  action  first,  followed  by  mechanical 
strain  due  to  tangential  pressure  as  the  Himalaya  continued  and  continue  growing, 
must  be  considered  the  order  in  which  the  agents  of  change  have  acted  on  the 
Kalogarhi  and  Dudatoli  areas.  That  this  lateral  pressure  acting  on  slates  and 
schists  should  bend  them  to  its  will,  is  not  surprising ;  but  we  can  also  imagine  that 
wherever  they  were  stayed  by  ribs  of  massive  granite,  they  would  have  strength  to 
resist  largely  the  contorting  pressure,  which  would  then  spend  itself  producing  re- 
snangements  of  the  particles  and  of  the  crystalline  texture  of  die  rocks,  thus 
■apiinting  on  them  a  foliated  or  semi-foliated  character. 

REFERENCES  TO  PLATE. 

Fig.  I.  Garnet  in  schist,  shewing  mica  films  folding  round  it. 
«     a.  Gneissose  granite,  Foliatkd  :  tabular, 
9,     3.  Ditto  ditto       lenticular-tahular. 

t,     4.  Ditto  SxMi-FOLiATSD :  **auginr 

n     5*  Quartz  schist  shewing  lenticular-tabular  foliation  a=pebble. 
„    6,  Section  at  Marwara,  near  Kainur :  <i=:gneissose  granite  mass,  a'ssthin  bands 

of  gneissose  granite  £=micarschist« 
n     7*  Inclusion  of  mica-schist  (3)  in  gneissose  granite  (porphyritic  "augen"  near 
Kainur.  a=:  porphyritic  orthoclase  crystal. 


Preliminary  Sketch  of  the  Geology  of  Simla  and  Jutogh,i  by  R.  D. 
Oldham,  A.R.S.M.,  Deputy  Superintendent^  Geological  Survey  of 
India,     (With  a  map.) 

The  geological  structure  of  the  Simla  hill  station,  if  regarded  in  detail,  is  one 
of  extreme  complexity  of  varying  dips  and  innumerable  faults,  but  on  the  large 
scale  it  is  on  the  contrary  simple  to  a  degree,  as  may  be  seen  on  the  accompanying 

map. 

The  oldest  rocks  are  exposed  along  eastern  and  north-eastern  limits  of  the 
map  and  all  along  the  road  to  Mashobra ;  they  consist  of  fine-grained  micaceous 
grey  slates  with  occasional  quartzite  bands,  originally  described  by  Mr.  Medlicott 
IS  the  infra-Blaini  or  Simla  slates.  On  the  spurs  either  side  of  Annandale  the 
prevailing  dip  is  south-west-by-south  which  further  east  bends  round  to  west- 
S(rath*west  Near  the  upper  limit  of  these  slates  there  are  some  bands  of  a  very 
tmp-like  sandstone  or  grit  which  I  have  only  seen  on  the  spur  between  Annandale 

'  The  observations  on  which  this  account  is  based  were  made  during  a  brief  stay  in  Simla 
while  preparing  to  start  into  the  interior ;  the  main  features  will  be  found  fairly  correct,  but  the 
boundaries  of  the  rock  groups  have  in  many  cases  been  sketched  in  without  having  been  fol- 
lowed in  detail. 
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and  the  glen  and  again  near  Sanjaoli,  thongh  it  would  probably  be  found  in  a 
corresponding  position  elsewhere.  When  weathered  it  is  impossible  to  tell  this  rock 
from  a  decomposed  trap,  and  even  the  miweatbered  rock  has  a  very  trap-like 
appearance,  but  its  detrital  origin  is  shown  by  the  presence  of  mgged  scales  of  mica 
arranged  parallel  with  the  bedding. 

At  their  upper  limit  these  beds  become  impregnated  with  carbonaceous  matter, 
and  in  consequence  the  colour  becomes  daiker  and  the  streak  changes  from  pale 
grey  to  black.  They  are  succeeded  by  a  remarkable  and  important  set  of  beds, 
called  the  Blini  (since  changed  to  Blaini)  by  Mr.  Medlicott,  from  their  occurrence 
in  the  valley  of  the  Blaini  stream  hich  flows    westwards  from  Solon. 

The  group  was  described  by  Mr.  Medlicott  as  consisting  of  a  pure  hard  lime- 
stone, generally  pink,  composed  of  thin  beds  aggregating  15  to  ao  feet  thick,  and 
a  conglomerate  consisting  of  a  matrix  of  fine-grained  slates  through  which  pebbles 
of  quartz  or  slate  were  scattered.  As  applied  to  the  group  in  the  Simla  neighbour- 
hood, this  description  must  be  amplified,  for,  underlying  the  limestone  and 
"conglomerate,"  there  come  carbonaceous  slates,  which  usoally  weather  white  on 
the  bedding  surfaces,  and  below  these  ^omes  anodier  *'  conglomerate,'*  the  whole 
being  probably  about  aoo  feet  thick. 

As  this  group  is  one  of  great  interest  and,  owing  to  its  marked  characteristics, 
great  importance,  it  will  be  well  to  clear  the  ground  by  explaining  that  what  has 
b^en  called  a  conglomerate  in  the  foregoing  passage  is  not  a  conglomerate  at  all  in 
the  usual  acceptation  of  the  term.  The  rock  consists  of  a  fine-grained  matrix 
dirough  which  are  scattered  blocks  of  slate  and  quartzite,  as  a  rule  angular  or  sub- 
angular,  in  some  cases  containing  8  or  10  cubic  feet  of  stone.  It  is  evident  that  a 
current  sufficiently  violent  to  move  these  blocks  would  have  swept  away  the  fine  silt 
in  which  they  were  imbedded,  while,  per  contra,  any  current  sluggish  enough  to 
allow  of  the  deposition  of  this  silt  would  be  impotent  to  move  the  small  pebbles, 
to  say  nothing  of  the  larger  blocks  which  the  now  indurated  silt  encloses.  The 
only  possible  explanation  is  that  these  fragments  were  dropped  into  a  comparatively 
tranquil  sea  in  which  the  silt  was  being  gradually  deposited,  but  there  are  only 
ithree  known  agencies  by  which  this  could  have  been  affected,  vit,y  volcanoes,  float- 
ing trees,  or  floating  ice. 

The  rock  in  some  respects  resembles  a  volcanic  breccia,  and  the  resemblance 
is  occasionally  far  more  marked  than  appears  in  the  Simla  rock,  but  the  steadiness 
with  which  the  rock  preserves  its  character  over  large  areas,  the  frequent  occurrence 
of  well-rounded  pebbles,  the  comparative  absence  of  actually  angular  fragments,  and 
more  especially  the  absence  of  associated  lavas  or  volcanic  ashes,  tell  against  this 
hypothesis.  Floating  timber  is  known  to  transport  fragments  of  rock  often  of 
cxmsiderable  size,  but  it  is  difficult  to  imagine  how  the  enormous  number  of  stones 
found  in  the  Blaini  boulder  slate  could  have  been  thus  transported,  nor  why  the 
boulders  should  be  confined  to  certain  well-defined  horizons ;  it  would  be  strange 
too  if  out  of  the  vast  number  of  trees  that  would  be  required  to  transport  all  the 
blocks  found  in  the  Blaini  group,  all  escaped  fossilization,  and  the  absence  of 
carbonaceous  matter  from  the  boulder  beds  is  very  marked  when  they  are  com- 
pared with  the  associated  slates. 

The  only  hypothesis  that  remains  is  that  of  floating  ice,  which  presents  no  difficul- 
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ties :  floating  ice  is  as  capable  of  transporting  waterworn  pebbles  as  angnlar  fragments 
without  any  limit  of  size ;  it  melts  away  and  leaves  no  trace  beyond  the  fragments  it 
may  have  carried  with  it,  and,  though  the  exact  causes  are  not  satisfactorily  deter- 
mined, it  is  a  known  hict  that  icebergs  have  formerly  floated  where  none  are  now 
to  be  seen,  and  that  regions  now  covered  with  perpetual  snow  and  ice  were  once  free 
from  both.  There  is,  consequently,  no  difficulty  in  accounting  for  the  restriction 
of  the  transported  blocks  to  certain  definite  horizons.  Besides  being  the  only  hypo- 
thesis which  does  not  land  us  in  a  difficulty  there  is  a  certain  amount  of  corroborative 
evidence,  for  in  1884  Mr.  C.  S.  Middlemiss  discovered,  in  the  Blaini  group  of  the 
Naira(Neweli)  valley  in  Eastern  Sirmur,  a  pebble  which  was  scratched  in  a  manner 
very  similar  to  that  which  is  due  to  the  action  of  glaciers,  and  I  have  myself  seen  in 
the  neighbourhood  of  Simla  several  fragments  which  shew  the  same  in  a  more  or 
less  obscure  manner :  in  particular  I  may  mention  one  block  situated  on  the  spur 
between  Chadwick's  falls  and  the  glen  which  measures  4'  x  a'  x  i'  exposed ;  on 
one  face  it  is  smoothed  and  scored  in  a  manner  that  can  hardly  but  be  due  to 
glacial  action.  Taking  everything  into  consideration  we  may,  therefore,  decide  that 
when  the  Blaini  group  was  being  deposited,  the  spot  now  occupied  by  Simla  was  a 
sea  on  whose  surface  icebergs  floated,  melted,  and  dropped  the  stones,  which  they 
carried,  on  their  surface  or  imbedded  in  their  substance. 

Returning  now  to  the  description  of  the  rocks,  the  Blaini  group,  as  defined  on 
the  accompanying  map,  consists  at  the  base  of  a  boulder  slate;  above  this  come  car- 
bonaceous slates  which  differ  from  those  above  and  below  by  the  manner  in  which 
they  turn  white  on  the  weathered  surfaces.  The  same  feature  is  occasionally  seen 
in  the  other  carbonaceous  beds,  but  in  this  particular  band  it  is,  so  far  as  I  know, 
universal.  Above  this  again  comes  the  original  Blaini  group  of  Mr.  Medlicott.  At 
the  base  it  consists  of  a  dark  red  slate  which  passes  upwards  into  grey,  occasionally 
blackish  and  carbonaceous,  slate  through  which  boulders  are  scattered,  and  above 
that  there  comes  a  thin-bedded  pink  limestone.  It  is  this  group  of  beds,  not  more 
than  60  feet  thick  in  all,  that  is  most  easily  traced  (many  of  the  exposures  having 
already  been  recorded  by  Colonel  McMahon^)  and  has  been  followed  more  completely 
by  me  than  any  other  boundary.  It  enters  the  map  in  a  side  ravine  flowing  into  the 
main  stream  below  the  Chadwick  falls  and  can  be  traced  over  the  spur  into  the  Chad- 
wick  ravine ;  up  the  east  side  of  this  ravine  it  cannot  be  traced  continuously,  being  hidden 
by  surface  debris;  it  may  be  cut  by  a  small  fault  here,  but  this  must  be  of  later  small 
throw,  for  the  beds  reappear  in  their  proper  position  on  the  crest  of  the  spur ;  they  can  be 
traced  down  into  the  glen,  being  hidden  near  the  top  and  again  near  the  bottom  by 
soil  cap,  but,  for  the  greater  part  of  the  way,  can  be  traced  practically  continuously 
and  closely  follow  one  of  the  native  footpaths.  In  the  bed  of  the  stream  flowing 
through  the  glen  the  limestone  is  seen  and  is  cut  by  a  small  fault  which  brings  it 
into  immediate  contact  with  the  red  slates.  It  is  again  seen  on  the  ascent  from  the 
glen  and  can  be  traced  over  the  spur  separating  the  glen  from  Annandale  and  runs 
down  to  where  the  road  round  this  spur  passes  the  spring  which  supplies  the  village  of 
Gowai  (of  the  map)  with  water.  Here  the  limestone  disappears,  being  apparently 
cat  off  by  a  fault ;  it  cannot  be  traced  across  the  Annandale  valley  owing  to  the  rocks 
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being  hidden  by  sub-recent  stream  deposits,  but  may  be  seen  in  the  stream  bed  and 
on  the  road  which  leads  up  the  spur.    East  of  Annandale  it  suddenly  reappears, 
being  evidently  brought  up  by  a  fault.    As  the  road  rounds  the  end  of  the  spur  to 
turn  back  on  itself,  the  red  slates  appear  overlaid  by  the  boulder  bed  and  the 
limestone,  here  only  represented  by  a  few  weathered  blocks,  the  greater  portion 
having  apparently  been  removed  by  solution.     The  limestone  and  conglomerate 
can  be  traced  with  fair  continuity  over  this  spur  along  its  western   side,  where 
again  a  native  footpath  follows  it  very  closely  into  the  ravines  below  the  ridge.    I 
did  not  follow  it  here,  but  it  reappears  below  the  ridge  and  can  be  traced  up, 
passing  below  the  Lakar  Bazaar,  on  to  the  road  round  the  north  side  of  Jacko, 
where  it  crosses  a  spur  and  appears  to  run  down  into  the  valley  west  of  Snowdon, 
but  the  ground  is  so  covered  that  I  was  not  able  to  trace  it.    Going  along  the  North 
Jacko  road  the  filaini  comes  in  once  more,  rather  suddenly,  as  if  brought  up  by  a 
small  fault,  and  runs  past  Snowdon,  where  there  is  a  very  characteristic  exposure  of 
the  conglomerate  just  outside  the  guard-house.    The   limestone  appears  to  run 
down  under  shady  dell,  but  where  not  built  on  the  ground  is  so  covered  with 
surface  debris  or  spoil  that  has  been  tipped  in  levelling  ground   for  roads  or 
buildings,  that  it  is  impossible  to  follow  the  beds.    However  this  may  be,  the  filaini 
is  not  again  seen  till  just  beyond  the  ravine  where  the  upper  and  lower  roads  round 
Jacko  separate.    The  beds  are  here  brought  up  by  a  fault  which  shows  itself  as  a 
line  of  springs.    From  here  the  filaini  can  be  traced  across  the  upper  road  and  up 
the  spur  to  below  the  summer  house  in  the  grounds  of  Holly  oak ;  here  it  appears 
to  be  again  cut  by  a  fault  and  is  next  seen  just  above  where  the  road  turns  round 
the  end  of  Jacko ;  there  is  only  a  small  patch  here,  the  beds  cannot  be  traced  in 
either  direction,  nor  do  they  shew  on  either  of  the  roads  along  the  south  side  of 
Jacko.    The  limestone  and  conglomerate  may  however  be  found  in  the  ravine  be- 
low the  Simla  Rifle  Club's  range,  west  of  and  about  level  with  the  village  of  San- 
gati  (Sanguti).     I  did  not  see  it  again  till  just  above  Shdman  (Chaman)  village 
where  it  can  be  traced  practically  continuously  past  fialahi,  beyond  which  the  lime- 
stone has  been  quarried.  It  runs  down  the  west  side  of  the  Chota  Chelsea  spur  and 
is  seen  near  the  Dhobi  gh4t  below  Chota  Simla :  hence  it  can  be  traced  at  intervals 
along  the  east  slopes  of  the  continuation  of  die  Chota  Simla  spur  till  it  runs  out  of 
the  limits  of  the  map. 

It  is  noteworthy  that  the  limestone  is  always  well  seen  on  the  hill  sides  facing 
southwards,  while  on  the  northern  face,  which  is  covered  with  forest,  the  outcrop 
is  always  thin  and  often  wanting.  It  is  a  known  fact  that  the  air  contained  in  the 
interstices  of  the  soil  of  a  forest  contains  a  larger  proportion  of  carbonic  acid  gas 
than  that  of  open  ground ;  the  water  which  percolates  this  soil  would  consequently  be- 
come more  impregnated  with  the  gas  and  would  be  a  more  active  solvent  of  the 
limestone  than  that  which  percolated  the  soil  of  the  southern  slopes.  To  this  fact 
seems  attributable  the  thinness  or  absence  of  outcrops  of  limestone  on  the  northern 

slopes. 

The  lower  conglomerate  I  did  not  trace  with  the  same  continuity  as  the  upper 
one.  It  is  seen  in  the  Chadwick  stream  and  again  on  the  spur  separating  that  from 
die  glen.  I  next  saw  it  where  the  road  from  the  glen  to  Annandale  passes  over  the 
spur,  and  it  can  be  traced  round  the  spur  east  of  Annandale,    On  the  Elysium  spur 
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it  crops  out  where  the  path  leads  up  to  the  Elysium  Hotel  and  again  immediately 
above  the  house  called  Sylvan  Hall ;  it  is  seen  below  Snowdon  and  again  in  the 
stream  east  of  the  forest,  but  whence  it  runs  round  towards  the  Mayo  Institute. 
It  appears  on  the  Mall  just  above  this  place  and  can  be  seen  running  at  first  along, 
then  below,  the  Mall  till  it  crosses  the  ridge  where  the  lower  road  rounds  the  end  of 
Jacko.  Southwards  from  here  I  did  not  trace  it,  but  have  no  doubt  that  it  continues 
in  the  same  position  relative  to  the  upper  conglomerate,  and  have  consequently 
drawn  it  as  doing  so. 

Above  the  Blaini  comes  a  band  of  slates  or  schistose  slates  characterised  by 
being  more  or  less  impregnated  with  carbonaceous  matter :  these  were  regarded  by 
Mr*  Medlicott  as  the  same  as  some  very  similar  beds  called  bv  him  infra-krol,  owing 
to  their  occurrence  beneath  the  limestone  of  the  Krol  Mountain,  which  rises  above 
Solon.  But  as  it  is  not  certain  whether  these  or  some  similar  beds  seen  at  Jutogh  re- 
present the  beds  of  the  Krol  Mountain,  it  will  be  better  to  describe  them  as  the  lower  or 
Jacko  carbonaceous  slates.  The  upper  limit  is  very  indefinite,  being  only  determin- 
able by  the  presence  or  absence  of  the  carbonaceous  ingredient,  and  as  this  ap- 
pears to  be  very  capriciously  distributed,  it  is  probable  that  beds  of  the  same  age 
may  have  been  mapped  in  one  place  as  belonging  to  this  and  in  another  to  the  next 
gronp.  Owing  to  the  indefiniteness  of  the  boundary  I  did  not  pay  much  attention 
to  it,  and  as  drawn  it  is  for  the  most  part  conjectural ;  but,  apart  from  some  such  ex- 
planation as  is  given  above,  or  faults  which  I  have  not  detected,  it  is  impossible  to 
account  for  some  peculiarities  in  the  boundary,  which  do  not  appear  to  depend  on 
the  dip  of  the  beds  and  contour  of  the  ground. 

The  essential  characteristic  of  this  rock  is  the  presence  of  an  appreciable  propor- 
tion of  carbonaceous  matter.  Occasionally,  more  especially  where  the  rock  is  crushed, 
this  is  very  conspicuous,  gives  the  rock  a  sooty  appearance,  and  produces  a  blackness 
of  the  hill  sides  which  can  be  recognized  from  a  distance  as  at  Chadwick's  falls  and 
on  the  road  along  the  south  face  of  Jacko  between  the  convent  and  Sanjaoli  Bazar. 
Where  the  carbonaceous  matter  is  in  so  large  a  proportion,  the  rock  often  assumes 
bright  colours  on  its  surface  due  to  the  efflorescence  of  various  soluble  salts  pro- 
duced by  the  decomposition  of  some  of  the  mineral  constituents  of  the  rock.  As 
a  rule  however  the  carbonaceous  element  does  not  make  itself  so  conspicuous  and 
is  only  recognizable  by  the  black  colour  and  more  especially  the  black  streak  of 
the  slate.  It  is  also  noteworthy  that  where  these  beds  are  exposed  on  a  ridge  and 
have  been  much  weathered,  the  carbonaceous  element  appears  in  many  cases  to 
have  been  almost  if  not  entirely  removed. 

The  Jacko  carbonaceous  slates  follow  the  Blaini  very  closely,  except  that  they 
mn  over  the  ridge  and  down  the  Combermere  ravine  where  they  extend  to  near  the 
Brewery,  but  are  ultimately  covered  up  by  the  general  south-south-west  dip  of  the 
beds :  immediately  below  the  first  waterfall  is  some  dark  limestone  which  may  belong 
to  these  beds. 

Above  these  carbonaceous  slates,  which  are  about  300  feet  thick,  there  comes  a 
thousand  feet  or  so  of  quartzites  and  schists  for  which  I  csuinot  do  better  than  adopt 
Mr.  Medlicott's  name  of  Boileauganj  quartzites.  It  is  these  beds  that  are  seen  for 
many  miles  along  the  cartroad,  along  the  whole  of  the  Mall,  except  near  the  bazaar 
and  the  road  to  Jutogh,  as  well  as  on  all  the  southern  and  western  spurs.    The 
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greater  bulk  of  the  beds  is  quartzite,  usually  somewhat  impure  and  schistose,  but 
there  is  no  small  proportion  of  what  must  be  called  schist,  occasionally  garnetiferous. 
On  the  BoileauganJ  hill  it  has  frequently  a  peculiar  corrugated  structure  consisting 
of  small  rolls  or  larger  rolls  and  giving  the  surfaces  along  which  it  breaks  off  an  ap- 
pearance which  bears  a  distant  resemblance  to  a  bundle  of  sticks  ;  hence  the  struc- 
ture is  called  hacillary.  These  beds  present  very  little  of  interest,  so  I  shall  pass 
on  to  the  next  group. 

The  upper  or  Jutogh  carbonaceous  slates  and  limestones  are  the  newest  rocks 
within  the  limits  of  the  Simla  station.  They  occupy  three  isolated  patches — one,  the 
largest,  on  the  Jutogh  hill,  one  on  Prospect  hill,  and  one  small  patch  on  the  spur 
intermediate  between  these  two.  Like  the  Jacko  beds,  these  are  characterised  by 
the  presence  of  carbonaceous  matter,  but  they  differ  in  the  prevalence  of  limestone  : 
•  in  the  Jacko  beds  I  have  only  seen  limestone  in  one  place,  on  the  spur  east  of 
Annandale,  while  large  quantities  of  limestone  have  been  quarried,  both  for  burning 
and  as  a  building  stone,  from  the  Prospect  and  Jutogh  hills.  At  Jutogh  there 
appear  to  be  three  distinct  bands  of  limestone,  separated  by  schists  and  quartzite, 
but  on  Prospect  hill  only  the  lowest  band  seems  to  be  left ;  this  is  overlaid 
by  thin-bedded  quartzite,  and  the  hill  is  capped  by  a  peculiar  garnetifer- 
ous hornblende  rock.  Occasionally  the  garnets  are  absent,  and  it  forms  an  in- 
tensely tough  almost  black  rock,  but  usually  a  greater  or  smaller  proportion  of 
garnets  are  to  be  seen,  which  in  places  form  fully  a  quarter  of  the  substance  of  the 
rock  :  they  occur  for  the  most  part  as  crystals  of  all  sizes  up  to  half  an  inch  across, 
but  where  abundant  there  are  also  veins  of  garnet  penetrating  the  rock.  It  is  diffi- 
cult to  account  for  this  rock;  it  has  not  yet  been  examined  in  detail,  but  the  most 
probable  explanation  would  be  that  it  is  an  altered  impure  volcanic  ash ;  if  so,  the 
absence  of  any  similar  or  related  rocks  either  on  this  hill  or  in  a  corresponding  posi- 
tion at  Jutogh  is  peculiar :  the  rock  may  be  intrusive,  but  to  the  naked  eye  it  has  not 
that  appearance. 

The  most  marked  feature  in  the  geology  of  Simla  and  one  that  has  been  remarked 
on  before  now  is  the  metamorphism  of  the  higher  beds  accompanied  by  the 
absence  of  metamorphism  in  the  lower  beds.  The  grey  Simla  slates,  though 
indurated,  shew  no  signs  of  what  could  be  called  metamorphism,  while  on 
Jacko  and  the  Boileauganj  hill  there  are  well-developed  mica  schists,  and  the  lime- 
stones of  Prospect  hill  and  Jutogh  are  crystalline,  and  in  the  latter  case  contain  well- 
developed  crystals  of  graphite.  [The  rocks  all  down  the  southern  slopes  of  the 
Simla  hill  shew  more  signs  of  metamorphism  than  the  Simla  slates,  but  less  than 
the  similar  rocks  of  the  ridge.]  To  a  certain  extent  this  is  due  to  selective  metamor- 
phism, that  is  to  say,  the  same,  or  a  less,  degree  of  heating  has,  owing  to  difference 
of  composition,  produced  greater  change  than  in  the  Simla  slates^  but  this  hardly 
seems  enough  to  account  for  all  the  facts.  In  an  unpublished  paper  by  Mr, 
Medlicott  on  the  geology  of  the  Punjab,  intended  to  be  published  in  the  Punjab 
Gazetteer,  it  is  suggested  that  the  heat  may  have  been  applied  from  above  by  the 
intrusion  of  a  sheet  of  granite,  since  removed  by  denudation.  This  hypothesis  has  a 
primh  facie  probability,  for  such  sheets  of  granite  have  been  observed  in  other  parts 
of  the  Himalayas,  and  there  is  the  remnant  of  one  left  on  the  very  top  of  Hattu, 
where  a  very  little  more  denudation  would  remove  all  trace  of  it,  as  Mr.  Medlicott 
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supposed  it  to  have  done  at  Jacko.  The  hypothesis  is  however  not  free  from  diffi- 
culty, for  there  is  no  known  outcrop  of  granite  in  the  neighbourhood  of  Simla,  and  all 
round  Jacko  the  rocks  do  not  shew  that  metamorphism  one  would  expect  them  to 
shew  had  a  sheet  of  granite  been  pushed  over  them  and  retained  its  heat  sufficiently 
to  account  for  the  metamorphism  of  Jacko.  A  third  hypothesis  would  be  that  the 
metamorphism  was  due  to  a  core  of  granite  or  other  igneous  rock  having  been  in- 
truded into  the  rocks  but  not  yet  laid  bare  by  denudation.  This  is  not  impossible, 
for  the  porphyritic  granite  of  the  Himalayas  appears  usually  to  have  eaten  its  way  into 
the  rocks  by  a  process  of  fusion  or  solution  by  which  the  rock  became  incorporated 
with  and  replaced  by  the  porphyritic  granite.  This  is  not  the  place  to  give  the 
detailed  observations  on  which  the  conclusion  depends;  suffice  it  to  say  that  there 
are  many  facts  which  render  it  the  only  explanation  possible  in  the  case  of  the  Chor 
and  other  intrusive  masses,  and  granted  this  conclusion  it  is  easy  to  see  that  there 
might  be  a  great  core  of  granite  occupying  the  centre  of  the  Simla  hill  without  be- 
traying itself  either  by  actual  outcrop  or  any  conspicuous  disturbance  of  the  beds. 
Still  the  hypothesis  is  an  improbable  one* 

Among  these  conflicting  hypotheses  it  is  impossible  to  pick  out  the  true  one,  and 
probably  the  safest  course  will  be  to  fall  back  on  the  first  as  a  provisional  conclusion. 
In  any  case,  I  do  not  doubt  that  selective  metamorphism  has  had  great  influence,  for 
I  have  noticed,  in  other  parts  of  the  Himalayas,  that  the  rocks  of  the  same  age  as 
those  of  the  Simla  hill  are  especially  prone  to  metamorphism.  Still  this  alone  will 
not  explain  how  the  beds  on  the  ridge  have  come  to  be  distinctly  more  metamor- 
phosed than  those  in  the  valley  to  the  south  of  Simla,  though  they  must  originally 
have  had  practically  the  same  composition. 

The  surface  geology  of  Simla  is  of  considerable  difficulty,  and  I  have  not  had 
time  to  make  any  but  the  most  superficial  observations  of  it.  Almost  everywhere 
the  hillsides  are  covered  by  a  soil  cap  consisting  of  a  mixture  of  fragments  derived 
from  the  underlying  rock  and  of  soil  formed  by  the  further  decomposition  of  these 
fragments.  This  soil  cap  is  in  a  state  of  progression  down  the  slopes ;  part  of  this 
movement  is  cataclysmal  in  its  nature,  and  takes  place  in  the  form  of  what  are 
known  as  landslips,  where  a  portion  of  the  soil  cap  is  suddenly  carried  a  greater  or 
less  distance  down  the  hillside  and  there  rearranged ;  but  besides  this  there  is  a 
slow  though  sure  creep  of  the  soil  cap  down  the  hill,  which  to  a  certain  degree 
affects  even  what  might  be  called  live  rock.  This  moven!ient  of  the  slightly  dis- 
integrated rock  can  be  seen  in  almost  every  road-cutting.  The  rocks  are  all  cut 
by  more  or  less  vertical  joint  planes,  known  as  master  joints,  along  which  the  rock 
splits  off,  as  may  be  seen  in  any  quarry.  In  the  road-cuttings,  however,  it  is  seldom 
that  these  master  joints  shew  a  smooth  face ;  as  a  rule,  there  are  a  series  of  smooth 
surfaces  of  various  size,  the  upper  projecting  more  or  less  beyond  the  lower  where 
the  rock  has  shifted  along  a  bedding,  or  slightly  inclined  joint,  surface.  Where 
the  rock  has  not  been  much  split  up,  it  is  easy  to  see  that  these  surfaces  were  origin- 
ally continuous  and  have  been  broken  only  by  the  shifting  of  one  part  of  the 
rock  over  the  other  without  their  evident  relationship  to  each  other  having  been 
obscured ;  but,  by  a  gradual  repetition  of  this  process,  the  joint  planes  become 
completely  obscured,  and  the  rock  gradually  passes  into  an  irregular  aggregation  of 
fragments  constituting  the  typical  soil  cap. 
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It  is  to  this  gradual  movement  of  the  rock  without  any  great  breaking  up,  as 
well  as  to  a  cause  presently  to  be  mentioned,  that  the  dip  of  the  rocks  appears  to  be 
always  into  the  hill,  and  even  into  the  minor  spurs.  It  is  a  well  known  fact  that,  on 
the  whole,  hills  are  formed  by  synclinals  and  valleys  along  anticlinals,  and  the 
Himalayas  are  no  exception  to  this  rule,  but  it  does  not  hold  good  to  anything  like 
the  extent  a  casual  observer  might  conclude  from  the  fact  that  almost  every  dip  he 
could  observe  pointed  more  or  less  directly  into  the  hill,  whatever  the  actual  direc- 
tion might  be.  This  is  in  part  due  to  the  natural  tendency  of  the  broad,  flat,  rock 
fragments  to  arrange  themselves  at  right  angles  to  the  direction  in  which  they  are 
slowly  moving.  In  this  way  a  weathered  rock  may  be  seen  to  dip  into  the  hill- 
side, though  the  true  dip  of  the  unweathered  rock  may  be  very  different  to  that 
observedi  and  consequently  it  is  never  safe  to  trust  to  a  dip  observed  in  weathered 

rocks. 

But  even  dips  observed  m  solid  rock  that  shews  no  signs  of  weathering  and  shews 
the  true  dip  of  that  small  portion  of  the  rock,  may  give  a  very  false  idea  of  the  true 
dip  of  the  beds  as  a  whole.    Often  along  a  hillside  outcrops  of  rodi  are  scattered, 
and  all  indicate  a  dip  into  the  hill,  though  the  actual  direction  will  vary  with  the 
direction  of  the  slope,  while  the  form  of  the  geological  boundaries  may  shew  that  the 
general  dip  is  fairly  steady  in  direction  and  amount.    The  explanation  of  this  may 
be  seen  in  any  deep  cutting  or  stream  bed :  here  the  beds  will  be  twisted  about  and 
contorted  on  the  small  scale  to  such  an  extent  that  whatever  may  be  the  general  dip 
it  will  be  easy  to  find  some  places  that  will  give  a  dip  in  any  selected  direction. 
Now  if  this  same  rock  is  exposed  on  a  hillside,  in  all  places  where  the  dip  is  down 
the  slope  or  neutral  (Z.^.,  at  right  angles  to  the  direction  of  the  slope),  the  rock  will 
more  readily  weather  into  the  soil  cap  than  in  those  places  where,  owing  to  the 
dip  being  into  the  hillside,  the  fragments  are  able  to  give  each  other  a  more  effi- 
cient support.    In  consequence  of  this  we  may  naturally  expect  that  it  will  gener- 
ally be  where  the  dip  happens  to  be  into  the  hill  that  the  rock  will  be  able  to  resist 
denudation  so  as  to  stand  out  from  the  general  slope  of    the  soil  cap.    In 
other  words,  the  apparent  dip  into  the  hillside  may  be  due  to  the  direction  of  the 
slope  and  not  the  direction  of  the  slope  due  to  the  dip.    The  Simla  hill  affords  a 
very  good  instance  of  this.    The  general  structure  of  the  hill,  as  shown  by  the 
boundaries,  is  a  very  shallow  synclinal  whose  axis  bears  north-east  and  south-west 
and  is  elevated  to  the  north-east.    In  consequence  of  this  the  general  dip  is  south- 
south-west  or  west-south-west,  but,  in  spite  of  the  assistance  rendered  by  the 
numerous  road-cuttings,  the  general  impression  left  is  that  the  rocks  will  everywhere 
be  found  dipping  into  the  hill,  whatever  that  direction  may  be.    A  careful  consider- 
ation of  the  facts  has,  however,  convinced  me  that  this  is  only  because  it  is  to 
a  very  large  degree  only  those  dips  which  happen  to  be  in  that  direction,  which 
have  a  chance  of  being  observed,  the  others  being  almost  all  obscured  by  soil 
cap. 

In  the  valleys  round  Simla  there  are  some  sub-recent  river  gravels ;  they  are  not 
extensive  in  the  area  included  in  the  map,  but  there  is  a  large  stretch  of  them 
extending  beyond  the  limit  of  the  map,  in  the  stream  which  drains  the  southern  slope 
of  the  ridge  between  Prospect  hill  and  Jutogh.  On  the  eastern  side  of  the  stream 
which  forms  the  eastern  boundary  of  the  map,  south  from  Sanjaoli,  the  same  beds 
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arc  seen  not  in  very  great  quantity,  but  shewing  their  nature  very  well :  they  may 
also  be  seen  in  any  of  the  khuds,  and  the  road  along  which  the  sewer  is  laid  down 
to  the  waterfall  shews  very  good  sections  of  them.  They  are  seen  to  consist  of  a 
melange  of  fragments  all  more  or  less  angular  and  varying  from  some  feet  across  to 
fine  gravely  in  fact  showing  many  of  the  characteristics  often  considered  peculiar  to 
morraines.  There  is  not  however  any  reason  to  consider  them  of  glacier  origin,  as 
they  invariably  show  distinct  stratification,  a  structure  which,  though  not  always 
wanting,  is  more  conspicuous  by  its  absence  than  by  its  presence  in  a  true  morraine. 
Stratification  is  essentially  the  mark  of  flowing  water,  and  there  can  be  no  doubt  that 
these  deposits  were  formed  by  streams  ;  the  angular  nature  of  the  debris  being  easily 
explained  by  the  short  distance  it  has  travelled,  while  the  mixture  of  large  and  small 
fragments  is  due  to  the  steepness  of  the  slope  of  deposition  and  the  varying  quantity 
of  water  which  would  flow  at  different  times. 

A  point  to  be  noticed  is  that  these  gravels  extend  in  many  cases  right  down  to 
the  bottom  of  the  valleys,  showing  that  these  latter  had  been  excavated  to  their 
present  depth  and  then  filled  up  by  a  deposit  which  is  now  being  removed. 

In  the  valley  which  leads  southwards  from  Sanjaoli  there  is  sufficient  of  the  de- 
posits left  to  form  some  idea  of  the  original  form  of  the  surface  which  is  now  being 
destroyed.  In  the  main  valley  there  was  a  long  sloping  tract,  the  slope  of  this  being 
somewhat  steeper  than  that  of  the  present  stream  bed.  This  "  bottom"  sent  tongues 
up  the  small  side  valleys,  the  surface  of  these  tongues  having  a  slope  steeper  than  that 
of  the  bottom  and  increasing  up  stream  till  at  the  summit  it  becomes  30^,  as  steep  a 
slope  as  ordinary  debris  will  lie  at.  This  gradual  steepening  of  the  slope  so  as  to 
form  a  concave  surface  is  very  conspictious  in  the  side  ravines  flowing  from  the  east 
into  the  stream  which  flows  south  from  Sanjaoli  and  is  best  seen  from  either  of  the 
roads  round  Jacko,  as  Sanjaoli  is  approached. 

The  explanation  of  the  curve  is  not  difficult  The  slope  is  formed  by  debris 
deposited  by  the  stream  when  its  velocity  is  reduced  below  the  limit  at  which  it  can 
transport  the  debris ;  but  a  large  volume  of  water  will  acquire  a  given  velocity  on  a 
smaller  slope  than  a  small  volume ;  consequently,  as  the  volume  of  the  stream  in- 
creases, the  limit  of  veloci^  at  which  the  debris  must  be  deposited  is  reached  on  a 
gentler  slope,  and  therefore  the  slope  of  the  surface  of  the  deposit  diminishes  as  the 
stream  increases  in  volume,  1.^.,  down  stream.  It  is  in  the  small  side  streams  that 
the  increase  of  volume  is  most  rapid,  relative  to  the  volume  of  the  stream,  and  con- 
sequently there  that  the  curvature  of  the  surface  of  deposit  is  most  conspicuous, 
and  in  these  side  streams  the  effect  enhanced  by  the  fact  that  the  large  fragments  are 
the  first  to  be  deposited,  while  the  smaller  fragments  which  are  carried  on  require 
a  less  velocity  and  consequently  a  smaller  slope  to  allow  of  their  transport. 

In  trying'  to  account  for  these  high  level  gravels  the  most  obvious  explanation 
would  be  to  suppose  a  change  of  level  which  caused  the  stream  that  had  originally 
been  erodingits  valley  to  commence  depositing  debris  in  it,  and  then  another  change 
of  level  by  which  it  was  once  more  set  to  work  at  excavating.  But  similar  deposits 
may  be  found  in  almost  every  valley  throughout  the  Himalayas,  and  where  not 
observable  it  is  more  probable  thiU  they  have  been  entirely  removed  than  that  they 
never  existed.  It  is  impossible  to  suppose  to  suppose  that  every  valley  had  its  own 
special  set  of  movements,  and  no  general  movement  will  account  for  all  the 
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deposits,  nor  for  the  greater  steepness  of  the  surface  of  the  old  gravels  than  that 
of  the  recent  stream  beds  and  gravels. 

When  the  gravels  were  being  deposited  the  streams  which  flowed  over  their 
surface  must  have  had  a  lower  maximum  velocity  than  the  present  stream  acquires 
on  a  smaller  slope ;  its  maximum  volume  must  therefore  have  been  less  or  it  must 
have  been  so  loaded  with  debris  as  to  be  spread  out  in  a  shallow  sheet  and  pre- 
vented from  acquiring  the  velocity  it  otherwise  would  have  done.  In  other  words, 
the  conditions  then  differed  from  those  of  the  present  day  in  that  either  (i)  the 
rainfall  was  less  or  less  unevenly  distributed  through  the  year,  or  (2)  the  disintegra- 
tion of  the  rock  was  greater  than  what  now  takes  place. 

Taking  the  first  of  these,  it  might  be  supposed  that  the  cutting  down  of  the 
stream  beds  was  due  to  the  clearing  of  the  hillsides  by  human  agency.  It  is 
known  that  clearing  the  forest  diminishes  rainfall,  but  makes  what  does  fall  more 
unevenly  distributed  in  time ;  moreover  this  effect  is  exaggerated  by  the  increased 
rapidity  with  which  the  water  flows  off  the  hillsides.  It  cannot  however  be  to  any 
such  cause  that  the  observed  facts  are  due,  for  they  are  just  as  conspicuous  in  the 
streams  draining  from  the  forest  clad  northern  slopes  of  the  hills  as  in  those  which 
flow  from  the  bare  grassy  slopes  with  a  southern  aspect.  Besides  this  as  far  as  can 
be  judged  from  the  appearance  of  the  stream  beds  the  increased  disintegration 
caused  by  the  removal  of  the  protecting  forests  has  more  than  counterbalanced  the 
increased  volume  of  water  at  the  maximum  discharge,  and  in  nearly  every  case  <rf 
streams  draining  the  southern  slopes  it  will  be  found  that,  not  for  from  their  sources^ 
deposition  is  outbalancing  erosion  and  the  stream  has  become  on  the  whole  a  dcpo* 
siting  rather  than  an  eroding  agent,  so  far  as  its  lower  reaches  are  concerned. 

Apart  from  the  clearance  of  forests  we  know  of  no  change  ia  the  rainfall  which 
would  account  for  the  alternation  of  conditions  shewn  by  the  river  gravels,  but  we 
do  know  of  a  cause  which  would  greatly  increase  the  rate  at  which  the  rocks  would 
be  disintegrated,  and  at  the  same  time  would  probably  have  some  effect  in  dimi- 
nishing the  rainfall.  There  are  many  reasons,  which  need  not  be  entered  into  here, 
for  believing  that  the  glacial  epoch  was  felt  in  India  as  in  Europe.  There  is  no 
certainty  as  to  the  extent  to  which  the  snow  line  was  lowered,  but  there  is  good 
reason  for  believing  that  in  places  glaciers  descended  to  4,000  feet,  if  not  lower. 
If  we  only  suppose  the  snow  line  to  have  been  depressed  5,000  feet,  the  whole  of 
the  Simla  hill  would  have  been  cleared  of  forest,  and  disintegration  proportionately 
increased;  at  the  same  time  this  great  accumulation  of  snow  could  not  but  have 
had  some  effect  in  diminishing  if  not  abolishing  the  monsoon  rains,  but  as  this 
may  have  been  counterbalanced  by  the  supply  of  water  derived  from  the  melting 
of  the  snow  in  summer,  we  cannot  be  sure,  though  it  is  very  probable,  that  the 
maximum  Arolume  of  flood  was  less  than  now. 

The  hypothesis  that  the  formation  of  the  gravels  dates  from  the  glacial  epoch  has 
the  merit  of  explaining  all  the  facts  and  of  not  conflicting  with  any  other  known  facts. 
It  allows  of  a  mild  climate  during  which  the  valleys  were  excavated  to  their  present 
depths,  then  a  period  when  disintegration  was  increased,  both  directly  by  the 
increased  cold  and  indirectly  by  depriving  the  hillsides  of  their  protecting  forest; 
during  this  period  possibly  the  actual  volume,  and  certainly  the  volume  of  the 
streams  relative  to  the  burden  cast  on  to  them  decreased,  and  in  consequence 
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Two  boys,  who  saw  it  fall,  said  they  were  startled  by  a  report  like  that  of  a  gtin, 
looked  up,  and  saw  the  stone  just  before  it  reached  the  earth.  After  it  fell  ''a 
grumbling,  like  thunder,  went  on  for  some  time."  The  meteorite  fell  on  a  stone  and 
was  broken  into  pieces  :  the  boys  did  not  go  near  them  for  some  time  from  fear : 
when  they  did  the  fragments  were  cold.  The  direction  of  the  fall  is  said  to  have 
been  from  west  to  east. 

"  The  noise  was  heard  in,  and  reported  from,  two  places  at  a  distance  from  the 
spot  vhere  the  meteorite  fell.  Mr.  Sturt,  Assistant  Commissioner,  wrote  to  me 
from  Mahroni,  where  he  was  then  encamped,  that,  at  10-30  a.m.  on  the  7th  April, 
he  heard  a  sound  like  thunder,  went  outside  his  tent  to  find  a  clear  sky  and  no 
signs  of  a  storm,  and  found  the  people  about  wondering  what  the  noise  meant. 
Mahroni  is  9  miles  2\  furlongs  north-east  of  the  spot  where  the  meteorite  fell.  The 
police  officer  of  Dudhaie,  10  miles  a  furlongs  due  west,  reported  that  at  the  same 
time  (he  says  10  a.m.  but  had  no  watch)  he  heard  a  sound  like  a  heavy  cart  going 
over  a  rough  road ;  went  outside  his  station  to  see  what  the  matter  was,  and  coutd  see 
nothing.    He  reports  the  sky  to  have  been  perfectly  clear  at  the  time." 

The  Deputy  Commissioner  remarked  that  as  the  meteorite  fell  on  a  stone  the 
fragments  were  scattered  and  many  have  probably  not  been  found.  Seven  were 
secured  by  him,  one  of  which  subsequently  broke  in  two,  making  eight  in  all. 
These  have  been  sent  to  the  Geological  Museum  in  Calcutta :  they  respectively 
weigh — 
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(about  13  ounces  avoirdupois). 


The  fact  that  there  are  but  two  pairs  that  admit  of  being  joined  together  shows 
that,  as  surmised  by  Colonel  Liston,  many  fragments  are  wanting.  Those  sent 
have  the  usual  black  crust  on  the  original  exterior,  and  are  composed  of  a  fine-grained, 
grayish-white  stony  mass,  through  which  a  small  proportion  of  substance  with  metallic 
lustre  is  disseminated,  chiefly  in  very  thin  seams,  but  partly  in  minute  grains.  The 
examination  of  a  few  milligrammes  of  this  showed  that  riccoliferous  iron  is  the  main 
constituent,  but  troilite  and  schreibersite  are  both,  apparently,  present  also.  The 
specific  gravity  of  the  largest  fragment  of  the  meteorite  is  3*546. 
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deposition  commenced.  Then  came  an  amelioration  of  climate  during  which 
disintegration  gradually  decreased  both  directly  and  indirectly,  while  the  maximum 
volame  of  the  stream  increased,  if  not  absolutely  at  any  rate  proportionately  to 
the  load  it  had  to  carry,  and  in  consequence  erosion  once  more  set  in,  which  has 
continued  to  the  present  day. 

This  filling  of  the  valleys  has  not  caused  any  considerable  hydrographical 
change  in  the  area  under  consideration,  but  the  two  waterfalls  in  the  Combermere  glen 
are  both  due  to  a  small  diversion  of  the  stream.  In  both  cases  the  old  river  bed 
ran  west  of  the  present  one,  but  is  now  filled  up  with  gravel,  the  stream  when  it 
began  once  more  to  erode  choosing  a  slightly  different  channel  to  that  it  had  ori- 
ginally occupied  cut  down  to  a  saddle  on  the  buried  spur  from  which  it  could  not 
work  down  to  the  old  course ;  at  the  same  time  the  more  rapid  removal  of  the  soft 
gravels  below  the  spur  caused  those  spreads  of  gravel  with  a  rapid  drop  over  a 
rocky  barrier  at  their  lower  end  which  are  now  known  as  the  first  and  second 
waterfalls. 

The  economic  geology  of  the  Simla  hill  is  very  limited :  building  stone  is 
naturally  in  abundance  and  of  a  quality  good  enough  for  nibble  masonry ;  where 
dressed  stone  is  required  the  limestone  of  Prospect  hill  or  Jutogh  is  used. 

A  certain  amount  of  pottery  clay  is  found  on  the  slopes,  some  of  the  spurs 
running  north  from  Simla :  it  appears  to  be  confined  to  the  neighbourhood  of  the 
carbonaceous  slates  and  to  be  largely  composed  of  the  insoluble  residue  of  the 
limestones  associated  with  them.  A  large  deposit  existed  on  the  north  slope  of 
Jutogh,  but  has  been  almost  entirely  removed  to  make  bricks  and  tiles  for  the  new 
ofiSces  in  Simla.  Another  large  deposit  appears  to  exist  on  the  Summer  hill  spur 
beyond  where  the  road  rounds  its  northern  end,  but  at  present  it  is  only  dug  to  make 
a  few  gurras,  flower  pots,  &c.  Another  place  where  clay  is  found  and  worked  is  on 
the  eastern  slopes  of  the  spur  east  of  Annandale.  Here  there  are  several  potters* 
houses  dotted  along  the  hillside. 

The  water-supply  of  Simla  has  for  many  years  been  a  source  of  difficulty,  and 
water  is  now  brought  in  by  pipes  from  the  Mahasu  ridge. 


Note  on   the   "Lalitpur**  Meteorite,  by  F.  R,  Mallbt,  Superintendent, 

Geological  Survey  of  India. 

We  have  received  from  Colonel  J,  Liston,  Deputy  Commissioner  of.  the  Lalitpur 
district,  in  the  North- West  Provinces,  several  pieces  of  a  meteorite  which  fell  in 
the  district  during  the  present  year,  together  with  such  information  as  could  be 
collected  about  the  fall.  It  appears  that  the  meteorite  fell  at  10-30  a.m.  on  the  7th 
April,  on  the  boundary  line  between  the  villages  of  Jharaota  and  Nyagong,  in  par- 
ganna  Maraura  ;  approximately,  therefore,  in  latitude  24^  I'j^  longitude  78°  39'. 
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Two  boys,  who  saw  it  fall,  said  they  were  startled  by  a  report  like  that  of  a  gtin, 
looked  up,  and  saw  the  stone  just  before  it  reached  the  earth.  After  it  fell  ''a 
grumbling,  like  thunder,  went  on  for  some  time."  The  meteorite  fell  on  a  stone  and 
was  broken  into  pieces  :  the  boys  did  not  go  near  them  for  some  time  from  fear  : 
when  they  did  the  fragments  were  cold.  The  direction  of  the  fall  is  said  to  have 
been  from  west  to  east. 

"  The  noise  was  heard  in,  and  reported  from,  two  places  at  a  distance  from  the 
spot  vhere  the  meteorite  fell.  Mr.  Sturt,  Assistant  Commissioner,  wrote  to  me 
from  Mahroni,  where  he  was  then  encamped,  that,  at  10-50  a.m.  on  the  7th  April, 
he  heard  a  sound  like  thunder,  went  outside  his  tent  to  find  a  clear  sky  and  no 
signs  of  a  storm,  and  found  the  people  about  wondering  what  the  noise  meant. 
Mahroni  is  9  miles  2\  furlongs  north-east  of  the  spot  where  the  meteorite  fell.  The 
police  officer  of  Dudhaie,  10  miles  2  furlongs  due  west,  reported  that  at  the  same 
time  (he  says  10  a.m.  but  had  no  watch)  he  heard  a  sound  like  a  heavy  cart  going 
over  a  rough  road ;  went  outside  his  station  to  see  what  the  matter  was,  and  coutd  see 
nothing.    He  reports  the  sky  to  have  been  perfectly  clear  at  the  time." 

The  Deputy  Commissioner  remarked  that  as  the  meteorite  fell  on  a  stone  the 
fragments  were  scattered  and  many  have  probably  not  been  found.  Seven  were 
secured  by  him,  one  of  which  subsequently  broke  in  two,  making  eight  in  all. 
These  have  been  sent  to  the  Geological  Museum  in  Calcutta :  they  respectively 
weigh — 
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The  fact  that  there  are  but  two  pairs  that  admit  of  being  joined  together  shows 
that,  as  surmised  by  Colonel  Liston,  many  fragments  are  wanting.  Those  sent 
have  the  usual  black  crust  on  the  original  exterior,  and  are  composed  of  a  fine-grained, 
grayish-white  stony  mass,  through  which  a  small  proportion  of  substance  with  metallic 
lustre  is  disseminated,  chiefly  in  very  thin  seams,  but  partly  in  minute  grains.  The 
examination  of  a  few  milligrammes  of  this  showed  that  riccoliferous  iron  is  the  main 
constituent,  but  troilite  and  schreibersite  are  both,  apparently,  present  also.  The 
specific  gravity  of  the  largest  fragment  of  the  meteorite  is  3*546. 
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ADDITIONS  TO  THE  MUSEUM. 

From  ist  April  to  30TH  Junb  1887. 

Copper  from  the  Beshi  Copper  mine,  Jyo,  Japan. 

Presented  by  Mr.  K.  Sumitomo,  Osaka. 
Calcareous  aggregation  upon  an  old  anchor  found  at  a  depth  of  4  fathoms  in  Colombo 
harbour,  November  3rd  1886.    (Illustrating  the  formation  of  shell  limestone). 

Presented  by  Mr.  F.  J.  Daley.  (?) 
Specimens  of  rock  crystal;  bei*y!,  in  quartz;  beryl,  with  mica  in  quartz;  garnet,   in 
mica  schist;  and  garnets,  from  different  localities  in  Jaipur. 

Presented  by  the  Honorary  Secretary,  Jaipur  Museum. 


ADDITIONS  TO  THE  LIBRARY. 

From  ist  April  to  30TH  Junb  1887. 

Titles  of  Books*  -    Donors, 

Becker,  George  F, — Natural  solutions  of  Cinnabar,  gold  and  associated  sulphides. 

8®  Pam.  New  Haven,  1887.  The  Author. 

Bronn's,  Klassen  und  Ordnungen  des  Thier-Reichs. 

Band  IV,  Wurmer,  lief.  1.(1887). 
„     VI,Abth.*lII,  Reptilien,  lief.  54.56.  (1886-1887). 
„     VI,Abth.  IV,  V6gel,  lief.  16-17.(1887). 
„     VI,  Abth.  V,  Saugethiere,  lief.  29.  (1887).  8*^  Leipzig,  1886.1887. 

Buckler,  William, — ^The  larvseof  the  British  Butterflies  and  Moths.    Edited  by  H.  T« 

Stainton.    Vol.  II.  (Ray  Society.)    8°  London,  1887. 

BucKMAN,  S,  S, — A  monograph  of  the  Inferior  Oolite  Ammonites  of  the  British  Islands. 

Part  I.  (Pal.  Soc.)    4*  London,;i887. 

CoLauHOUN,  Archibald  -^.—Across  Chrysfe,  being  the  narrative  of  a  journey  of  explo- 
ration through  the  South  China  Border  Lands  from  Canton  to 
Mandalay.    Vols.  1-2.    8**  London,  1883. 

Crew,  Benjamin  J, — A  practical  treatise  on  Petroleum ;  comprising  its  origin,  geology, 

geographical  distribution,  history,  chemistry,  mining,  technology,  uses 
and  transportation :  together  with  a  description  of  gas  wells,  the 
application  of  gas  as  fuel,  &c.  With  an  appendix  on  the  product  and 
exhaustion  of  the  oil  regions,  and  the  geology  of  natural  gas  in  Pennsyl- 
vania and  New  York,  by  Charles  A.  Ashbumer.  8**  Philadelphia, 
1887. 

Dawkins,    W.  ^eyi.— The  British  Pleistocene  Mammalia.    Part  VI.  (Pal.  Soc.)    4'' 

London,  1887. 

Grikib,  Archibald, — ^Text-book  of  Geology.    2nd  edition.    8*'  London,  1885. 

HiNDE,  George  Jenningij^PL  monograph  of  the  British  Fossil  Sponges.     Part  I.  (Pal. 

Soc.)    4*  London,  1887. 

HuDLESTON,  Wilfrid  H.-^K  monograph  of  the  British  Jurassic  Gasteropoda.  (Pal.  Soc.) 

4®  London,  1887. 

Karstbv,  Hermann.-^GioXogiQ  de  I'Ancienne  Colombie  Bolivarienne  Vdn^zuela,  Nou- 

velle-Grenade  et  Ecuador.    4°  Berlin^  1886. 
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Titles  of  Books.  Donors. 

KoBNEN,  A,von» — Ueber  das  Mittel-Oligoc&n  von  Aarhus  in  Jutland.    8°  Pam.  Berlin, 

1886.  The  Author. 

KoENEN,  A,  von. — Beitrag  zur  Kenntniss  der  Crinoiden  des  Muschelkalks.     4°  Gottin- 

gen,  1887.  The  Author. 

KoENBN,  A,von, — Ueber  die  altesten  und  jungsten  Tertiarbildungen  bei  Kassel.    8^ 

Pam.  Gottingen,  1887.  The  Author. 

KoENEN,  i4.  von. — Ueber  postglaciale  Dislokationen.    8**  Pam.  Berlin,  1887. 

The  Author. 

Landauer,  J* — Blowpipe  analysis.    Authorized  English  edition  by  James  Taylor  and 

William  E.  Kay.    8**  London,  1879, 
MiNBS.^Report  on  the  Mining  Industry  of  New  Zealand.    8°  Wellington,  1887. 

Department  op  Mines,  New  Zealand. 

Murray,  James  A.  H. — A  new  English  Dictionary  on  historical   principles.     Part  3. 

4**  Oxford,  1887. 

New  Zealand  Industrial  Exhibition,  1885,  Wellington.  The  Official  Record.  8' Wel- 
lington, 1886.  The  Colonial  Museum. 

Noetling,  Frite. — Geologisch-Palaeontologische    Mittheilungen    aus    Palastina.      8** 

Berlin,  1886.  The  ^u^hor. 

Pal^ntologie  Fran9aise.     i'*  S6rie,  Animaux  Invert6br6s,  ^oc^ne,  &:hinides.    'JLivr.  8-9. 

8*  Paris,  1887. 

Reade,  r.  Mellard, — The  origin  of  Mountain  Ranges  considered  experimentally,  struc- 
turally, dynamically,  and  in  re^tion  to  their  geological  history.  8^ 
London,  1886. 

Richthopen,  Ferdinand  Freiherr  vow.— Fuhrer  fur  Forschungsreisende.     8*  Berlin, 

1886. 

RosENBUscH^  /^.— Mikroskopische  Physiographie  der  Massigen  Gesteine.    Abth.   1. 

8'  Stuttgart,  1886. 

Stevenson,  John  J.'^A  geological  reconnaissance  of  Bland,  Giles,  Wythe  and  portions 

of  Pulaski  and  Montgomery  counties  of  Virginia.  8°  Philadelphia, 
1887.  The  Author. 

The  Norwegian  North- Atlantic  Expedition,  1876-1878.    Vol.  XVII,  Zoology.    Alcyoni- 

da  by  D.  C.  Danielssen.    4"  Christiania,  1887. 

The  Commn.  Norwegian  N.  A.  Expedition. 

Thomson,  Sir  C  Wyville,  and  Murray,  John. — Report  on  the  scientific  results  of  the 

voyage  of  H.  M.  S.  Challenger  during  the  years  1873-76.  Vol.  II, 
Botany,  and  Vol.  XVII,  Zoology.    4*  London,  1886. 

Home  Department. 
Tietze,  Emil. — Die  Mineralreichthumer  Persiens.    8°  Wien,  1879. 

H.  B.  Medlicott. 

Tryon,  George  W^.:— Manual  of  conchology,  structural  and  systematic.     Vol.  I   (1879) 

to  IX,  pt.  I  (1887).  2nd  series,  VoL  I  (1885)  to  III,  pt.  I  (1887).  8** 
Philadelphia,  1879-1887. 

Williamson,  William  Cratxford^—K  monograph  on  the  Morphology  and  Histology 

of  Stigmaria  Ficoides.     (Pal.  Soc.)    4°  London,  1887. 

Woodward.  Horace  B. — The  Geology  of  England  and  Wales,  with  notes  oh  the  physi- 
cal features  of  the  country.    2nd  edition.    8°  London,  1887. 
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PERIODICALS,  SERIALS,  &c. 

Titlei  of  Books.  Donors, 

American  Jonrnal  of  Science.    3rd  series.  Vol.  XXXIII,  Nos.  195-197.    8®  New  Haven, 

1887.  The  Editors. 

American  Naturalist.    Vol.  XX,  No.  12.    8"  Philadelphia,  1886. 

Annalen  der  Physik  und  Chemie.     Neue  Folge,  Band  XXX,  heft  4,  and  Band  XXXI, 

heft  1-2.    8°  Leipzig,  1887. 
Annales  des  Mines.    8"*  s6rie.  Tome  X,  livr.  5.    8°  Paris,  1886. 

Department  op  Mines. 

Annales    des  Sciences  Naturelles.    Botanique.    7"*  s^rie.  Tome  V,  No.  i.    8**  Paris, 

1887. 
Annales  des  Sciences  Naturelles.    Zoologie  et  Paldontologie.  7"*  s^rie.  Tome  I,  Nos.  3-6. 

8**  Paris,  1887. 
Annals  and  Magazine  of  Natural  History.    5th  series,  Vol.  XIX,  Nos.  112-114.    8** 

London,  1887. 
Archt|ifur  Natnrgeschichte.    Jahrg.  LI  I,  Band  I,  heft  3.    8**  Berlin,  1886. 
Athe^uin*     Nos.  3098-31 1 1.    4°  London,  1887. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie.    Band  XI,  Nos.  2-5.    8"  Leipzig, 

1887. 
Biblioth^que  Universelle.    Archives  des  Sciences  Physiques  et  Naturelles.    3"^*  P6riode. 

Tome  XVII,  Nos.  1-3.    8°  Geneve,  1887. 
Biblioth^que  Universelle  et  Revue  Suisse.    3"'  P6riode.    Tome  XXXIII,  Nos.  98-ioo» 

8*  Lausanne,  1887. 
Botanisches  Centralblatt.    Band  XXIX,  Nos.  11-13,  and  Band  XXX,  Nos.  i- 12.    8"* 

Cassel^  1887. 
Chemical  News.    Vol.  LV,  Nos.  1424- 1437.    4®  London,  1887. 
Colliery  Guardian.    Vol  LIII,  Nos.  1367- 1380.    Fol.  London,  1887. 
Das  Ausland.    Jahrg.  LX,  Nos.  10-23.    4®  Stuttgart,  1887. 

Geological  Magazine.     New  series.  Decade  III,  Vol.  IV,  Nos.  4-6.    8°  London,  1887. 
Indian  Engineering.     Vol.  I,  Nos.  14-26.    Flsc.  Calcutta,  1887.  Pat,  Doyle. 

Iron.    Vol.  XXIX,  Nos.  739-752.    Flsc.  London,  1887. 
Journal  de  Conchyliologfie.    3"*  s6rie.  Tome  XXVII,  No.  i.    8*  Paris,  1887. 
Just's  Botanischer  Jahresbericht.    Jahrg.  XII,  Abth.  II,  halfte  i.    8*  Berlin,  1887. 
London,  Edinburgh  and  Dublin  Philosophical  Magazine  and   Journal  of  Science.    5th 

series,  Vol.  XXIII,  Nos.  143-145.    8"  London,  1887. 
Mining  Journal.    Vol.  LVII,  Nos.  2689-2702.     Fol.  London,  1887. 
Naturae  Novitates.    Jahrg.  IX,  Nos.  5-9.    8°  Beriin,  1887. 
Nature.    Vol.  XXXV,  No.  90610  Vol.  XXXVI,  No.  919.    4''  London,  1887. 
Neues  Jahrbuch  fur  Mineralogie,  Geologie  und  Palaeontglogie.    Jahrg.  1887,  Band  I, 

heft  2-3.    8°  Stuttgart,  1887. 
Neues  Jahrbuch  fur  Mineralogie,  Geologie  und  Palaeontolog^e.    Beilage-Band  V,  heft 

I.    8®  Stuttgart,  1887. 
Petermann's  Geographische  Mittheilungen.  Band  XXXIII,  Nos.  3-6.    4^  Gotha,  1887. 
Petermann's  Geographische  Mittheilungen.    Supplement  Nos.  85-86.    4^  Gotha,  1887. 
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Brussels. — Service  de  la  Carte  G^ologique  du  Royaume.    Explication  de  la  Feuille  de 

St.  Trond.     Par  A.  Rutot,  et  E.  van  den  Broeck.    With  Map.     8° 
Bruxellesy  1884.  Royal  Museum  of  Natural  History. 

„  Service  de  la  Carte  Gdologique  du  Royaume.     Explication  de  la  Feuille  de 

Virton.     Par  J.  C.  Purves.     With  Map.    8®  Bruxelles,  1884. 

Royal  Museum  of  Natural  History. 

Calcutta.— Journal  of  the  Agricultural  and  Horticultural  Society  of  India.    New  series, 

Vol.  VIII,  pt.  I.    8"  Calcutta,  1887.  The  Society. 

Proceedings  of  the  Asiatic  Society  of  Bengal,    Nos.  2-4.    8*  Calcutta, 
1887.  The  Society. 

Memoirs  of  the  Geological  Survey  of  India.    VoL  XXIV,  pt.  i.    8**  Cal- 
cutta, 1887.  Geological  Survey  or  India. 

„  Palseontologla  Indica.    Series  XKI,  pt.  6.    4°  Calcutta,  1886. 

Geological  Survey  op  India. 

„  Records  of  the  Geological  Survey  of  India.    VoU  XX,  pt.  2.    8"*  Calcutta, 

1887.  Geological  Survey  of  India. 

„  Survey  of  India  Department.    Notes  for  February  to  April  1887.    Flsc. 

Calcutta,  1887.  Survey  of  India. 

Cambridge. — Proceedings  of   the  Cambridge  Philosophical  Society.    Vol.  VI,  pt.  i. 

8**  Cambridge,  1887.  The  Society. 

„  Transactions  of  the  Cambridge  Philosophical  Society.    Vol.  XIV,  pt.  2. 

4®  Cambridge,  1887.  The  Society. 

Cambridge,  Mass. — Bulletin  of  the  Museum  of  Comparative  Zoology.    Vol.  XI II,  Nos. 

2-3.    8°  Cambridge,  Mass.,  1886-1887.  The  Museum. 

Cassel — Bericht  des  Vereines  fur  Naturkiinde  zu  Cassel.     Nos.  32-33.    8°  Caasel, 

1886.  The  Society. 

„        Festschrift  des  Vereins  fur  Naturkunde  zu   Cassel  zur  frier  seines  funfzigjahri- 
gen  Bestehens.    8'  Cassel,  1886.  The  Society. 

Cincinnati.— Journal  of  the  Cincinnati  Society  of  Natural  History.    Vol.  X,   No.  i. 

8**  Cincinnati,  1887.  The  Society. 

C  ofenhagen.—  M^moires  de  TAcaddmie  Royale  de  Copenhague.    6"*  sdrie,  Vol.  IV, 

No.  3,    4^  Copenhagen,  1887.  The  Academy. 

„  Oversigt   over   det   Kong.  Danske  Vidrnskabernes  Selskabs.     1886, 

No.  3  and  1887,  No,  i.    8°  Copenhagen,  1886-1887.    The  Academy. 

Dublin. — Journal  of  the  Royal  Dublin  Society.    Vol.  VI,  Nos.  42-43.    8°  Dublin,  1874- 

1875.  The  Society. 

„         Scientific  Proceedings  of  the  Royal  Dublin  Society.    New  series.  Vol.  Ill, 
pts.  5-7;  IV,  1-4;  and  V,  1-2.    8*"  Dublin,  1882-1886,     The  Society. 

„         Scientific  Transactions  of  the  Royal  Dublin  Society.    Series  II,  Vol.1,  Nos. 
15-25  5  II,  N0.2 ;  and  III,  Nos.  1-3.    4**  Dublin,  1882-1884. 

The  Society. 

„         Journal  of  the  Royal  Geological  Society  of  Ireland.     New  series.  Vol.   VIII, 
pt.  I.    8°  Dublin,  1887.  The  Society. 
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Edi KB UROH.— Scottish  Geographical  Magazine.    Vol.  Ill,  Nos.  3-6.    8^  Edinburgh, 

I887.  Scottish  Geographical  Socibtt. 

^  Transactions  of  the  Edinburgh   Geological  Society.   Vol.  I,  pts.  z-3 ; 

Vol.  II,  pts.  1-2 ;  Vol.  Ill,  pts.  1-2 ;  Vol.  IV,  pts.  1-3  5  and  Vol.  V,  pt. 
2.    8°  Edinburgh,  i868-i883and  1887.  Thb  Socibtt. 

„  Transactions  of  the  Royal  Scottish  Society  of  Arts.    Vol.  XI,  pt.  4.    8^ 

Edinburgh,  1887.  Thb  Socibtt. 

Granville. — Bulletin  of  the  Scientific  Laboratories  of  Denison   University.  Vol.  I. 

8®  Granville,  1885.  The  Universitt. 

Ho  BART. — Papers  and  Proceedings  of  the  Royal  Society  of  Tasmania  for  1886.    8* 

Hobart,  1887.  The  Socibtt. 

K51II68BBRG.— Schriften  der  Physikalisch-Okonomischen  Gesellschaft.    Jahrg.  XXVII. 

^'^  Konigsberg,  1887.  The  Socibtt. 

LEiDB.^Annales  de  I'fecole  Poly  technique  de  Delft.    Tome  III,  livr.  x.    4*  Leide,  1887. 

£)COLB   POLYTBCHNiaUB,   DbLFT. 

Lbifzio.— Mittheilungen  des  Vereins  furErdkunde  zu  Leipzig.  1883-1885.    8"  Ldpzig, 

1884-1886.  The  Society. 

LiiGB.— Soci6t6  G^ologique  de  Belgique.    Procfts-Verbal    de  I'Assembl^    G6n6rale 

du  21  Novembre  1886.    8°  Lidge,  1887.  The  Society. 

Liverpool. — Proceedings  of    the  Literary  and   Philosophical  Society  of    Liverpool. 

Vols.  XXXIX  and  XL.    8°  Liverpool,  1885-1886.         The  Society. 

London. — Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland.    Vol. 

XVI,  No.  3.    8'  London,  1887. 

,         Journal  of  the  Chemical  Society.    Nos.  290-295.    8°  London,  1887. 

F.  R.  Mallet. 

Journal  of  the  Iron  and  Steel  Institute.     No.  2.    8^  London,  1886. 

The  Institute. 

Journal  of  the' Royal  Asiatic  Society  of  Great  Britain  and  Ireland.  New 
series.  Vol.  XIX,  pt.  2.    8°  London,  1887.  .  The  Society. 

Journalof  the  Society  of  Arts.  Vol.  XXXV,  Nos.  1 790-1803.  8"*  London, 
1887.  The  Society. 

Proceedings  of  the  Royal  Geographical  Society.  New  series.  Vol.  IX, 
Nos.  2-4.    8"  London.  1887.  The  Society. 

Proceedings  of  the  Royal  Society.  Vol.  XLI,  Nos.  249-250,  and  Vol.  XLII, 
Nos.  251-252.    8®  London,  1886-1887.  Thb  Society. 

Quarterly  Journal  of  the  Geological  Society.  Vol.  XL  1 1 1,  No.  169.  8* 
London,  1887.  The  Society. 

Madrid.— Boletin  de  la  Sociedad  Geografica  de  Madrid.    Tomo  XXI,  Nos.  5-6  and 

Tomo  XXII,  Nos.  i-a.    8"  Madrid,  1886-1887.  The  Society. 

Metnorias  de  la  Real  Academia  de  Ciencias  Exactas,  Fisicas  y  Nat u rales. 

Tomo  XI.    4'  Madrid,  1887.  The  Academy. 

Revista  de  los  progresos  de  las  Ciencias  Exactas,  Fisicas  y  Naturales. 
Tomo  XXII,  Nos.  2-3.    8°  Madrid,  1887.  The  Academy. 
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Manchbstbr.— Transactions  of  the  Manchester  Geological  Society.    Vol.  XIX,  pes. 

5-7.    8'  Manchester,  1887.  The  Society. 

Melbourne. — List  of  members  of  the  Geological  Society  of  Australasia.    8^  Mel- 
bourne, 1887.  The  Society. 

„  Reports  of  the  Mining  Registrars  for  the  quarter  ending  31st  December 

1886.    Flsc.  Melbourne,  1887.     Department  of  Mines,  Victoria. 

Montreal.— Geological  and  Natural   History    Survey   of  Canada.    Annual  report. 

New  series.  Vol.  I,  1885.    With  maps.        8'  Montreal  1886. 

The  Survey. 

Moscow.— Bulletin  de  la  Soci^t6  Imp^riale  des  Naturalistes.    Tome  LXII,  Nos.  3-4, 

and  LXIII,  Nos.  1-2.    8'  Moscou,  1886-1887.  The  Society. 

Newcastle-upon-Tyne. — Transactions  of  the  North  of  England  Institute  of  Mining 

and  Mechanical  Engineers.    Vol.  XXXVI,  pt  2.    8°  Newcastle-upon- 
Tyne,  1887.  The  Institute. 

New  Haven. — ^Transactions  of  the  Connecticut  Academy  of  Arts  and  Sciences.    Vol. 

VII,  pt.  I.    8*  New  Haven,  1886.  The  Academy. 

Paris.— Bulletin  de  la  Soci6t6  G^logique  de  France.    3"*  s6rie,  Tome  XV,  Nos.  1-3. 

8'    Paris,  1887.  The  Society. 

y,        Compte  Rendu  des  Stances  de  la  Soci6t6  de  G6ographie.    1887,  Nos.  5-10. 

8®  Paris,  1887.  The  Society. 

Philadelphia— 'Journal  of  the  Franklin  Institute.    3rd  series,  Vol.  XCIII,  Nos.  3-5. 

8**  Philadelphia,  1887.  The  Institute. 

„  Proceedings  of  the  Academy  of  Natural  Sciences.    Part  III,  1886.    8* 

Philadelphia,  1887.  The  Academy. 

„  Proceedings  of  the  American  Philosophical  Society.    Vol.  XXIII,  No. 

124.    8°  Philadelphia,  1886.  The  Society. 

Pisa. — Atti  della  Societa  Toscana  di  Scienze  Naturali.     Memorie.  Vol.  VIII,  fasc.  i 

8*  Pisa,  1886.  The  Society. 

„        Atti  della  Societa  Toscana  di  Scienze  Naturali.     Processi  Verbali.  Vol.  V,  pp. 

119-200,  and  203-226.    8*  Pisa,  1886-1887.  The  Society. 

Rome. — Atti  della  Reale  Accademia  dei  Lincei.    Serie  4,  Memorie,  Vol.  I.    4*  Roma, 

1885.  The  Academy. 
„        Atti  della  Reale  Accademia  dei  Lincei.    Serie  4,  Rendiconti.  Vol.  Ill,  semes- 

tre  I,  fasc.  3-8.    4°  Roma,  1887.  The  Academy. 

St.  Petersburg.— Bulletin  de  1'  Acad6mie  Impdriale  des  Sciences  de  St.  P^tersbourg. 

Tome  XXXI,  No.  3.    4**  St.  Pdtersbourg,  1886.  The  Academy, 

„  M^moires  de  T  Acad^mie  Imp^riale  des  Sciences  de  St.  Pdters- 

bourg.    7"*  s^rie.  Tome  XXXIV,  Nos.  7-u.    4®  St.   P6tersbourg, 

1886.  The  Academy. 

„  Bulletins  du  Comit6  G^ologique.    Vol.  VI,  Nos.  1-5.    8"  St.  P^ters- 

bourg,  1887.  Geol.  Commission,  St.  Petersburg. 

Salem.— Bulletin  of  the  Essex  Institute.    Vol.  XVIII,  Nos.  7-12.    8**  Salem,  1886. 

The  Institute. 
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SALBM.—Peabody  Academy  of  Science.    19th  Annual  Report.    %"*  Salem,  1887. 

The  Academy. 
Shanghai. — ^Journal  of  the  China  Branch  of  the  Royal  Asiatic  Society.     New  series, 

Vol.  XXI,  Nos.  3-4.    8*  Shanghai,  1887.  The  Society. 

Stuttgart. — Jahreshefte  des  Vereins  fur  vaterlandische  Naturkunde  in  Wurttemberg. 

Jahrg  43.    8*^  Stuttgart,  1887. 
Sydney. — Proceedings  of  the  Linnean  Society  of  New  South  Walest    2nd  series,  Vol. 

I,  pt  4>  and  Vol.  II,  pt.  i.    8*  Sydney,  1887.  The  Society. 

1 

9>  Supplement  to  the  report  of  the  Australian  Museum  for  1886.       Flsc.    Syd- 

ney, 1887.  The  Museum. 

Turin.— Atti  della  R.  Accademia  delle  Scienze.    Vol.  XXII,  disp,  4-11.    8"  Torino, 

1886-1887.  The  Academy. 

Venice. — Atti  del  Reale  Istituto  Veneto  di  Scienze,  Lettere  ed  Arti.    Serie  6,  Tomo 

V,  disp.  3-6.    8"  Venezia,  1886-1887.  The  Institute. 

Vienna. — Abhandlungen  der  Konig.  Geologischen  Reichsanstalt.     Band  XII,  Nos. 

1-4.    4*  Wien,  1886.  The  Institute. 

„         Jahrbuch  der  Kais.  Konig.  Geologischen  Reichsanstalt.    Band  XXXVI,  heft 
2-4.    8'  Wien,  1886.  The  Institute. 

„         Verhandlungen  der  K.  K.  Geologischen  Reichsanstalt.     Nos.  2-8.    8®  Wien, 
1887.  The  Institute. 

„         Annalen  des  K.  K.  Naturhistorischen  H  of  museums.     Band  I,  No.  4,  and 
Band  II,  No.  i.    8°  Wien,  1886-1887.  The  Museum. 

Denkschriften  der  Kais.  Akademie  der  Wissenschaften.    Band  L.    4^  Wien, 
1885.  The  Academy. 

Sitzungsberichte  der  Kais.  Akademie  der  Wissenschaften. 

Band  XCI,  Abth,  I,  heft  5;  abth.  II,  heft  4-5,  abth.  Ill,  heft  3-5. 

XCII,  Abth.  I,  heft  1-5 ;  abth.  II,  heft  1-5 ;  abth.  Ill,  heft  1-3. 
XCIII,   Abth.    I,    heft   1-3;    abth.   II,    heft    1.2.      S**.  Wien, 
1885-1886.  The  Academy. 

Washington. — Bulletin  of  the  United  States  Geological  Survey.    Nos.  30-33.        8** 

Washington,  1887.  U.  S.  Geological  Survey. 

„  U.  S.  Geological  Survey.     Mineral  resources  of  the   United  States  for 

the  calendar  year  1885.    8®  Washington,  1886. 

U.  S.  Geological  Survey. 

York.— Annual  report  of  the  Yorkshire  Philosophical  Society  for  1886.    8"  York,   1887. 

The  Society. 
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ERRATA. 

Records,  Geological  Survey  of  India^  Vol.  XX,  Part  3, 

Page  121,  line  8  from  top,  for  thirty  read  thirty-three. 

12a,     „  IS  i»       ^^^^  canals  add   Jour*   Roy.  As,  Soc.  Lond,  XX, 

326,  1863. 

„  123,  line  3          »»       *or  ^^^«  '^^  ^^.•*'*- 

„  123,  bottom  line,            „   first        „  this, 

„  136,  line  2  from  top,   „   Bandin  „  Bandnim 

'„  137,     „  as           „         „    Afatkori,,  Malkori. 

„  137,     „  4a           „          »  *^«<^*      .»  *'«''*• 

„     144,     „  S  »»         »»   ru^^'^f^  .»     •'«^^^<'- 

J--      ^  35  „      erase  the  word  later  between  of  Sind  small, 

J.J     ^^  4  „       ioT  forest,  but  veaid  forest  hut. 

,  .g     ^^  5  „        „   or  read  on,  and  erase  the  word  and, 

148,  lines  36  &  38  i>       erase  brackets. 

150,  line  15  .1       for  «?!>*  read  fl  <ii>. 

je«      ^j  20  „        »i   slopes,  some,  resid  slopes  of  some. 

i^^     ^j  3  from  bottom,  for  riccoliferous  read  tiickeliferous. 
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giomeraiey  cemented  by  calcareous  mud,  which  resembles  some  of  the  conglomerates 
in  the  Mandhdli  series  on  the  Deoban  ridge.  This  fact,  combined  with  the  occur- 
rence  of  carbonaceous  slates  in  the  upper  part  of  the  Naira  valley,  where  they  ap- 
pear  to  overlie  the  limestone,  led  me  at  the  time  to  regard  the  latter  as  of  Deoban, 
rather  than  Krol  age.^    Subsequent  consideration  has,  however,  led  me  to  doubt  thi» 

'  I  shall  show  later  on  that  the  two  limestones  are  distinct  in  age. 
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Note  on  some  points  in  Himalayan  Geology,  by  R.  D.  Oldham,  A.R.S.M., 
F.G.S.,  Deputy  Superintendent ^  Geological  Survey  of  India. 

The  observations  on  which  the  following  remarks  are  based  were  made  partly  in 
company  with  my  colleague  Mr.  C.  S.  Middlemiss,  partly  by  myself  alone  during 
the  spring  of  1884.  During  a  brief  tour  in  the  lower  Himalayas  my  attention  was 
directed  to  an  attempt  to  elucidate  some  doubtful  points  in,  and  as  far  as  possible  to 
complete,  the  sequence  of  sedimentary  formations  in  the  lower  Himalayas.  As  a  con- 
sequence very  little  detailed  mapping  was  done,  and  that  only  where  the  structure  of 
the  hills  appeared  to  be  simple  enough  to  allow  of  some  definite  conclusion  being 
arrived  at  as  to  the  superposition  and  relation  of  the  rock  groups.  Nothing  was  pub- 
lished at  the  time,  as  the  conclusions  arrived  at  were  for  the  most  part  provisional 
and  liable  to  alteration.  Since  then  there  has  been  no  opportunity  of  correcting  or 
amplifying  them,  but  on  consideration  there  seem  to  be  some  points  of  sufficient  in- 
terest and  importance  to  warrant  publication. 

The  limestone  of  the  Naira  valley, — In  the  valley  of  the  Naira  river  (Neweli  of 
map)  in  eastern  Sirmdr  a  massive  limestone  is  exposed,  some  of  the  beds  having  a 
strong  sulphurous  odour,  while  near  the  base  are  some  oolitic  bands.  As  regards 
lithological  appearance,  it  does  not  differ  markedly  from  either  the  Krol  or  Deoban 
limestones,  it  extends  on  either  side  of  the  valley  and  forms  the  Juin  peak  on  the 
northy  and  the  hill  which  rises  above  Dugdna  on  the  south.-  At  the  Juin  station  it  is 
cut  off  by  a  combination  of  a  uniclinal  fold  and  faulting ;  to  the  south  it  is  cut  off  by 
denudation.  On  the  summit  of  the  peak  above  Dugina  there  is  a  limestone  con. 
glomerate,  cemented  by  calcareous  mud,  which  resembles  some  of  the  conglomerates 
in  the  Mandhdli  series  on  the  Deoban  ridge.  This  fact,  combined  with  the  occur- 
rence  of  carbonaceous  slates  in  the  upper  part  of  the  Naira  valley,  where  they  ap- 
pear  to  overlie  the  limestone,  led  me  at  the  time  to  regard  the  latter  as  of  Deoban, 
lather  than  Krol  age.^    Subsequent  consideration  has,  however,  led  me  to  doubt  thig 

'  I  shall  show  later  on  that  the  two  limestones  are  distinct  in  age. 
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conclusion,  the  superposition  of  the  carbonaceous  slates  may  well  be  due  to  dis- 
turbance^ for  the  beds  are  very  much  disturbed  in  the  upper  Naira  valley,  while  the 
limestone  conglomerate  is  a  rock  which  might  naturally  be  expected  to  occur  as  the 
bottom  bed  of  a  formation  resting  unconformably  on  massive  limestone. 

The  Blaini  group  in  the  Naira  and  Bangui  valleys, — Below  the  limestone  there 
come  grey  slates  in  which  the  Blaini  limestone  and  boulder  bed  occur;  it  was 
traced  from  the  crest  of  the  ridge  south  of  the  Naira  valley  into  the  Bang&l  valley, 
being  much  cut  up  by  faults;  it  is  carried  up  one  side  and  down  the  other  of  the 
ridge  which  separates  these  two  valleys  by  a  series  of  step  faults,  which  are  especially 
marked  on  the  south  side  of  the  ridge.  These  faults  run  in  the  direction  of  the 
boundary  of  the  massive  limestone  on  the  Juin  hill,  and  in  that  rock  seem  to  die  out 
as  faults,  and  become  converted  into  a  uniclinal  fold. 

The  group  is  of  the  same  type  as  that  first  described  in  the  Blaini  valley,  consisting 
of  a  single  band  of  pink  limestone  and  conglomerate,  the  latter  containing  many  frag- 
ments of  volcanic  fock  derived  from  the  volcanic  series  which  will  presently  be  men- 
tioned. In  the  bed  of  the  stream  which  flows  east  of  the  village  of  Bombhil,  close 
to  its  junction  with  the  Naira  there  is  an  exposure  of  the  boulder  bed  which  dis- 
tinctly marks  its  mode  of  origin.  The  matrix  is  laminated  and  the  laminae  are  seen 
to  be  bent  down  under,  and  to  arch  over,  the  larger  included  fragments,  showing 
that  these  must  have  been  dropped  into  a  tranquil  sea  in  which  the  fine  silt  of  the 
matrix  was  being  deposited. 

it  is  not  necessary  to  recapitulate  here  the  reasons  why  I  regard  the  boulders  as 
having^  been  dropped  by  floating  ice,  but  I  may  mention  that  where  the  boulder  bed 
crosses  the  Naira  valley  we  discovered  a  pebble  (now  in  the  museum)  showing 
striations  similar  to  those  usually  ascribed  to  glacier  action.  It  is,  however, 
necessary  to  notice  the  extraordinary  similitude  to  a  volcanic  breccia  exhibited  by  the 
Blaini  ''conglomerate"  on  the  Juin  ridge:  not  only  are  the  included  fragments 
mostly  of  volcanic  rock,  but  the  matrix  itself  very  strongly  resembles  an  impure  vol- 
canic ash.  It  is  not  natural  to  suppose  that  this  rock  should  here  be  of  volcanic  ori- 
gin, while  elsewhere,  and  in  general,  such  an  origin  can  be  shown  to  be  untenable,  so 
we  must  look  to  some  other  cause  for  the  resemblance.  This  I  imagine  to  be  the  same 
as  explains  the  other  features  presented  by  the  rock,  viz,,  a  severe  climate.  Under 
the  climatic  conditions  which  now  prevail  even  at  an  altitude  of  six  or  seven  thousand 
feet,  the  volcanic  beds  disintegrate,  principally  by  the  decomposition  of  their  constituent 
minerals,  but  it  is  conceivable  that,  under  a  climate  severe  enough  to  produce  floating 
ice  at  the  sea  level,  the  disintegration  of  the  rock  would  be  more  rapid  than  the  de- 
composition of  its  constituent  minerals;  in  this  case  it  would  be  difficult  to  distinguish 
the  sandy  material  so  produced  from  the  ash  directly  produced  by  a  volcanic  erup- 
tion. I  know  of  no  observations  confirmatory  of  this  hypothesis  or  the  reverse,  but 
it  seems  a  possible  one,  and  at  any  rate  does  not  conflict  with  conclusions  arrived  at 
on  independent  grounds. 

The  volcanic  beds  and  "  lower  Chakrata  "  quartzites  of  the  Bangal  and  Naira 
valleys. — Under  the  Blaini  beds,  but  separated  from  them  by  slates,  comes  a  series 
of  volcanic  beds,  consisting  of  f elsitic  lavas  and  ashes,  underlaid  conformably  by  pur- 
plish red  and  mottled  quartzites,  with  interbedded  schistose  slates.  This  series  of  beds 
I  have  no  hesitation  in  correlating  with  what  I  have  described  as  the  Lower  Chak- 
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iatas,  and  overlyfng  volcanic  beds  of  Jannsar,  as  they  resemble  each  other,  not  only 
in  lithological  character,  but  in  the  order  of  superposition  of  the  beds. 

Regarding  this,  the  most  important  fact  to  be  noticed  is  that  part,  at  least,  of  the 
volcanic  beds  is  of  subaerial  origin.  In  proof  of  this  statement,  I  appeal  to  a  speci- 
men, preserved  in  the  Imperial  Museum  at  Calcutta,  ^here  portions  of  two  distinct 
lava  flows  are  seen  to  include  between  them  a  string  of  well-rounded,  water-worn 
pebbles.  Were  these  only  of  lava,  it  would  not  indicate  more  than  an  isolated  vol- 
canic island,  which  need  not  have  been  raised  more  than  enough  to  bring  its  summit 
within  reach  of  the  breakers,  but  the  majority  of  the  pebbles  are  of  vein  quartz,  which 
innst  have  been  derived  from  some  land  surface  of  non-volcanic  rocks. 

On  the  north  side  of  the  Bangdl  valley  below  the  village  of  Lina  there  occurs, 
far  below  the  volcanics,  a  bed  which,  like  the  Blaini  "conglomerate,"  can  hardly  but 
be  of  glacial  origin.  It  consists  of  rounded,  waterwom  boulders  of  quart2ite,  imbed- 
ded in  a  fine  grained,  red  coloured,  subschistose  matrix.  This  rock  was'  not  seen 
in  siiUf  so  there  is  some  doubt  attaching  to  its  geological  position,  but  it  occurs  in 
large  fragments  just  where  a  continuously  descending  section  of  the  red  quartzites 
and  volcanic  beds  is  faulted  against  the  Deoban  limestone.  It  is  important  to  note 
that  this  is  not  a  volcanic  bed ;  it  is  separated  from  the  volcanics  by  the  "Lower  Chak- 
ratas"  and  a  considerable  thickness  of  schistose  slates  that  underlie  them ;  and 
the  well-rounded  condition  of  the  boulders,  which  range  to  over  a  foot  in  diameter, 
shows  that  they  have  been  waterwom. 

In  northern  Jaunsar  I  have  seen  a  very  similar  bed  at  about  the  same  horizon; 
its  position  is  represented  by  the  southernmost  of  the  two  blue  patches  in  Jaunsar 
on  the  map  illustrating  Col.  McMahon's  paper  on  the  Blaini  groups  and  central 
gneiss  of  the  Simla  district.^ 

Relation  of  the  Blaini  beds  to  underling  rochr^-OvL  the  north  side  of  the  Bangdl 
valley  the  volcanic  series  is  overlaid  by  about  1,000  ft.  of  subschistose  grey  slates. 
On  die  south  side  there  are  at  most  a.  few  hundred  feet  of  slates  between  the  Blaini 
and  the  volcanic  beds,  and  these  appear  to  belong  rather  to  the  Blaini  than  the  vol- 
canics. On  the  crest  of  the  Juin  ridge  the  volcanics  do  not  seem  to  have  thinned  out 
appreciably,  but  down  the  slope  into  the  Naira  the  thickness  of  them  lying  between 
the  purple  quartzites  and  the  Blaini  slates  diminishes,  till  in  the  Naira  valley  the 
volcanics  have  disappeared  entirely. 

It  is  possible  that  this  may  be  due  to  faulting,  but  the  recognizable  faults  are 
almost  all  dip-faults,  which  would  not  affect  the  apparent  thickness  of  strata  between 
the  purple  quartzites  and  the  Blaini  group,  while  the  beds  lie  too  flat  for  their  ap- 
pearance to  be  due  to  a  squeezing  out  of  the  rocks  in  consequence  of  contortion; 
nor,  were  such  to  take  place,  would  one  expect  the  volcanics  to  be  squeezed  out 
rather  than  the  overlying  slates. 

It  might  be  supposed  that  the  thinning  out  of  the  volcanics  represented  their 
original  limit  of  extehsion,  but  that  is  hardly  probable,  for  a  band  of  limestone  is 
inter.stra,tified  with  them  throughout  Jaunsar,  while,  as  I  have  already  shown,  they  are 
of  sfibaSrial  origin  in  Bangui  valley.  It  is  reasonable  therefore  to  suppose  that  this 
locality  marks  the  neighbourhood  of  a  focus  of  eruption,  aiid  a  sudden  thinning  out 
in  its  neighbourhood  is  not  what  would  be  expected. 
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A  more  natural  explanation  is  to  regard  the  thinning  out  of  the  volcanics^and 
overlying  slates  as  due  to  their  removal  by  denudation,  previous  to  the  deposition  of 
the  Blaini.  This  view  derives  some  support  from  the  presence  in  the  Blaini  boulder 
bed  of  angular  fragments  of  volcanic  ash,  which  must  have  been  indurated  and 
converted  into  solid  rock  previous  to  their  transport  to  the  locality  in  which  they  are 
now  found. 

Termination  of  the  ridge  between  the  Naira  and  Bangal  valleys. — Along  the  ter- 
mination of  this  ridge,  where  it  slopes  down  to  the  Tons,  and  in  the  Naira  valley, 
there  is  exposed  a  grey  slate  series  containing  a  band  of  blue  limestone  about  100  feet 
thick.  These  resemble  the  slates  and  interbedded  limestone  of  Southern  Jaunsar 
which  were  described  by  me  as  "  Upper  Chakratas.'*  West  of  the  Tons  they  appear 
to  pass  under  the  "  Lower  Chakratas, "  and  the  section  upwards  from  the  latter  is  a 
normal  one.  This  apparent  reversal  may  be  due  to  disturbance,  but  there  is  every 
possibility  that  the  section  in  Jaunsar  on  which  I  based  my  conclusion  was  inverted. 
The  question  of  which  of  the  two,  the  slates  and  limestone  or  the  red  quartzites,  is 
the  newer,  remains  to  be  decided  by  further  survey. 

Unconformity  at  the  hose  of  the  infra-Krols  in  the  Valley  of  the  Minos  gidh 
(Suinj  R,  of  map), — ^The  whole  northern  side  of  this  valley  appears  to  consist  of 
limestones ;  possibly  near  the  top  some  other  series  may  come  in,  for  I  did  not  exa- 
mine the  hillside,  but  certainly  the  greater  part  of  the  northern  side  of  the  valley, 
near  the  Tons,  is  composed  of  a  limestone  series,  which  I  see  no  reason  to  doubt  is 
the  same  as  that  of  the  Deoban  hill.  The  limestone  extends  south  of  the  stream 
and  can  be  seen  faulted  against  the  purple  quartzites  of  the  ''Lower  Chakrata  "  series. 
At  the  head  of  the  valley  both  limestone  and  quartzites  are  overlaid  by  a  band  of 
black  carbonaceous  slates  and  limestones,  which  is  also  seen  in  the  Gerwdni  hill, 
resting  on  the  grey  slates  that  overlie  the  volcanics.  This  carbonaceous  series  can 
be  very  distinctly  traced  along  the  hillside,  and,  though  it  appears  to  be  faulted  in 
the  Minas  valley,  does  not  seem  to  be  cut  by  the  fault  which  separates  the  limestone 
and  quartzite  series  lower  down,  at  any  rate  not  to  the  same  degree.  This  would 
point  to  the  boundary  fault  being  of  great  age,  and  to  a  complete  removal  of  the 
Deoban  limestone  south  of  it  previous  to  the  deposition  of  the  black  carbonaceous 
slates,  and  consequently  to  a  great  unconformity  at  their  base.  These  black  carbo- 
naceous slates  can  be  traced  into  continuity  with  similar  beds  in  the  Chepal  valley, 
where  there  can  be  little  doubt  that  they  represent  the  infra-Krols  of  the  Simla 
region. 

The  Mandhdli  beds  of  the  Chor  and  Chepal. — On  the  eastern  side  of  the  Chor 
mountain  there  are  several  exposures  of  a  boulder  bed,  very  similar  to  the  Blaini 
conglomerate  in  physical  characters,  but  without  the  characteristic  associated  lime* 
stone.  The  most  southerly  exposure  is  on  the  north  side  of  the  Minas  valley  a  little 
below  the  hamlet  of  Dim  (Demi).  The  boulder  beds  are  here  interstratified  with 
blue  limestone,  a  feature  also  noticed  in  the  Mandhilis  of  Jaunsar,  and  lie  betweea 
the  massive,  presumably  Deoban,  limestone  and  the  carbonaceous  slates.  This 
"  conglomerate  "  is  not  continuous  in  this  position,  as  it  is  wanting  near  the  village 
of  Deothali  (Thotali),  but  it  is  present  on  the  Cheti  (Baiti)  ridge. 

Between  this  and  Chepal  the  rocks  are  too  disturbed  for  their  structure  to  be 
determinable  in  a  rapid  survey,  but  east  of  Chepal  the  boulder  beds  recur  in  the 
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tome  position  as  further  south,  vi%,y  between  the  massive  limestone  and  carbona- 
ceous slates.  The  beds  are  a  good  deal  cut  up  by  faults,  which,  added  to  their 
variable  nature,  renders  it  difl&cult  to  determine  a  really  characteristic  section.  One 
which  was  roughly  measured  by  me  gave  a  band  of  conglomeratic  slates,  underlaid 
by  100  feet  of  non-conglomeratic  slates,  below  which  were  conglomeratic  bands 
occurring  with  quartzites  through  200  feet,  while  50  feet  below  these  came  a  band 
of  pink  limestone,  resembling  the  Blaini  limestone. 

This  exposure  is  referred  to  by  Col.  McMahon,  who  declared  that  "  it  is  beyond 
all  reasonable  doubt  that  the  rocks  here  seen  are  the  Blaini  rocks."  ^  I  think  it  is 
beyond  all  reasonable  doubt  that  they  are  the  same  as  my  Mandhilis  of  Jaunsar, 
which  they  resemble  very  strongly  in  physical  character  and  in  their  superposition 
on  a  massive  limestone  series. 

Whether  the  Blaini  and  Mandh^li  rocks  are  of  the  same  age  or  not  I  shall  leave 
for  a  separate  paper  on  the  boulder-bearing  slates  of  the  Himalayas,  but  it  is  neces- 
sary here  to  remark  that  I  could  find  no  proof  of  unconformity  between  the  boulder 
beds  and  carbonaceous  slates ;  but  the  irregular  appearance  of  the  former  points  to 
an  unconformity  of  both  on  the  Deoban  limestone.  The  same  is  proved  by  the 
presence  of  fragments  of  the  latter  rock  in  the  former,  and  in  this  it  agrees  with  the 
Mandhdlis  of  Jaunsar. 

Before  leaving  this  subject  I  must  notice  that  in  the  exposure  east  of  Chepal  there 
is  a  small  patch  of  a  rock  which  very  strongly  resembles  a  volcanic  ash.  The  rock 
is  exposed  on  the  very  crest  of  the  ridge  and  is  almost  immediately  cut  off  by  a 
fault ;  what  remains  is  very  much  decomposed,  but  I  notice  it,  as  this  is  the  only  case 
I  have  seen  where  a  rock  associated  with  the  boulder  beds  has  presented  more  than 
the  most  superficial  resemblance  to  a  volcanic  rock. 

The  volcanic  rocks  of  the  infra-Krol  series, — On  the  spur  south  of  the  Minas  gddh, 
leading  east  from  the  Chor,  in  the  Deora  valley  of  Jubal,  on  the  Narkanda-Sungd 
ridge  and  on  the  Lambatach  ridge  between  the  Tons  and  the  Pabar,  I  found  volcanic 
beds  associated  with  the  black  carbonaceous  slates.  These  beds  differ  in  age  and 
character  from  those  of  the  "  Lower  Chakrata  "  series ;  the  specimens  have  not  yet 
been  examined  in  detail,  but,  speaking  broadly,  it  may  be  said  that  they  are  of  a 
more  decidedly  basic  character  than  the  Lower  Chakrata  volcanics. 

These  are  the  same  beds  as  are  described  from  the  Sutlej  valley^  by  CoL  McMahon, 
who  correlates  them  virith  the  volcanics  of  Dalhousie  and  Cashmir. 

The  gneissose  granite  0/  the  Chor, — As  the  Chor  was  deeply  covered  in  snow  when 
I  was  in  that  neighbourhood,  I  did  little  more  than  take  a  passing  glance  at  the 
eastern  margin  of  the  granitic  intrusion.  The  intrusive  nature  of  the  gneissose 
granite  having  been  proved  already,  it  is  not  necessary  to  consider  this  point  in 
detail,  but  I  may  say  that  the  manner  in  which  the  botmdary  of  the  granite  cuts 
across  the  bedtling  of  the  adjoining  sedimentary  rocks,  as  well  as  the  numerous 
inclusions  of  schist  and  quartzite,  make  it  very  evident  that  the  rock  of  the  Chor  is 
a  granite  by  origin. 

I  was,  however,  able  to  make  one  observation  which  has  an  important  bearing  on 
the  mode  of  intrusion  of  the  granite.    On  the  spur  south  of  the  Minas  g^dh  the 
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black  carbonaceous  slates  are  overlaid  by  the  volcanic  beds  noticed  above,  her^ 
changed  by  contact  metamorphism  into  hornblende  schists  and  mica  traps.  On  the 
spur  north  of  the  Minas  gidh  no  trace  of  these  rocks  can  be  seen,  but  in  their  place 
is  an  exposure  of  a  rock  which  only  differs  from  the  porphyritic  rock  of  the  ChOT 
generally,  in  that  the  matrix  is  highly  homblendic,  and  consequently  dark  coloured, 
thus  throwing  up  the  porphyritic  crystals  of  orthoclase  with  great  distinctness.. 

I  do  not  see  any  possible  explanation  of  these  facts  unless  we  suppose  thai  the 
granite  dissolved  and  absorbed  the  rocks,  whpse  position  it  now  occupies..  On  this 
supposition  its  locally  hornblendic  nature,  where  it  replaces  hprnblendic. rocks,  is 
easily  explicable,  while  the  very  slight  disturbance  of  the  surrounding  beds,  as  well  as 
the  steady  dip  towards  the  Chor,  are  inconsistent  with  the  supposition  that.the  granitic 
intrusion  was  either  the  cause  or  consequence  of  disruption  of  the  sedimentary  beds. 
The  gneiss  series  of  the  Upptr  Pahar  valley, — In  the  upper  reaches  of  the  Pabar 
valley  and  its  affluents  there  is  exposed  a  series  of  beds  which,  whether  wq  have  zegard 
to  their  lithological  structure  or  their  mode  of  origin,  must  be  classed  as  a  gneiss  series. 
For  the  most  part  the  beds  are  gneiss,  but  they  vary  in  one  durection  to  nearly  pore 
felspar,  in  the  other  to  a  very  slightly  felspathic  mica  schist ;  some  beds  are  schistose 
greisen,  and  there  are  a  few  of  metamorphic  quartzite  whose  sedimentary  origin  is 
easily  recognizable.  The  foliation  is  parallel  to  the  bedding  planes,  and  the  whole  is 
most  palpably  metamorphic,  using  that  term  as  opposed  to  intrusive,  and  withoat 
reference  to  whether  these  rocks  ever  were  or  were  not  ordinary  sediments,  such 
as  those  the  slates  have  been  formed  from. 

Many  of  the  beds  of  gneiss  contain  porphyritic  eyes  of  orthoclase,  sometimes  two 
or  three  inches  in  length.  As  regards  internal  structure,  they  resemble  the  porphy- 
ritic crystals  of  the  gneissose  granite,  being  composed  of  a  single  twinned  crystal  of 
the  Carlsbad  type,  but  they  differ  in  their  external  form,  which  is  lenticular,  and  in 
their  invariable  arrangement,  with  their  greatest  diameter  along  the  plane  of  folia- 
tion. Doubtless  it  was  by  fusion  of  this  rock  that  the  intrusive  porphyritic  granite 
originated. 

The  position  of  this  rock  is  very  clearj  for  the  beds  lie  very  flat  for  the  Himalayas. 
It  unconformably  underlies  a  series  of  red  quartzites,  which,  near  the  Bilran  (Borenda) 
pass,  are  overlaid  by  beds  containing  hornblende  schist.  I  have  little  doubt  that 
these  represent  the  **  Lower  Chakratas"  and  overlying  volcanic  beds,  the  lithological 
similarity  between  the  quartzites  being  especially  striking. 

Arkose  beds  of  the  Lamhatach  ridge, — On  the  Lambatich  ridge  there  is  exposed 
a  series  of  beds  presenting  many  points  of  interest  which,  owing  to  the  coming  on  of 
the  monsoon,  I  was  not  able  fully  to  investigate.  The  beds  consist  in  part  of  the  fine 
grained  felspathic  quartzites  which  extend  into  Bawar,  and  were  there  described  by 
me  as  the  Bawar  quartzites.  But  below  these  comes  a  great  thickness  of  more  or 
less  schistose  beds  containing  granules  of  felspar.  In  the  Kotigadh  (Kunjado  R.) 
the  rock  is  at  first  sight  difiicult  to  discriminate  from  the  porphyritic  granite,  which 
it  resembles  also  in  its  mode  of  weathering.  But  on  closer  examination  it  is  seen  to 
decompose  more  readily,  and  a  close  examination  will  generally  show  that  the  felspar 
consists  of  broken  crystals,  while  not  infrequently  small  pebbles  may  be  detected. 
Another  feature  which  separates  it  from  the  gneissose  granite  and  unites  it  to  the 
felspathic  grits  is  the  abundance  of  granules  of  pale  blue  transparent  quartz. 
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These  rocks  pass  upwards  into  black  carbonaceous  slates  and  limestones,  asso- 
ciated with  volcanic  beds,  which  in  all  probability  are  the  same  as  the  i';^a-Krol 
carbonaceous  slates.  If  this  be  so,  the  arkose  cannot  have  been  derived  from  the 
porphyritic  granite,  which  is  found  intruded  among  carbonaceous  slates  on  the  Chor 
and  in  the  Deoravallej,  but  must  have  been  derived  directly  from  the  archaean  gneiss. 

It  seems  probable  that  these  arkose  beds  indicate  a  severe  climate,  as  it  is  evident 
that  the  disintegration  of  the  rock  from  which  they  were  derived  must  have  been 
more  rapid  than  the  decomposition  of  its  constituent  minerals.  This  view  receives 
some  confirmation  from  sections  exposed  in  the  road  cuttings  in  the  Deota  forests ; 
some  of  these  beds  of  coarse  grit  have  scattered  through  them  boulders  of  quart- 
zite,  ranging  from  a  foot  and  more  in  diameter.  With  so  coarse-grained  a  matrix 
this  does  not  prove  glacial  origin,  unless  it  could  also  be  proved  that  the  beds  were 
not  of  subaerial  origin ;  for  large  boulders  may  often  be  rolled  along  the  surface  of 
a  much  finer  deposit,  where  the  latter  is  formed  by  shallow  streams.  But,  as  there 
is  no  direct  evidence  of  a  subaerial  origin  of  the  felspathic  grits,  it  seems  natural 
to  take  these  boulders,  combined  with  the  undecomposed  felspar,  as  indicating  a 
severe  climate.^ 

It  may  be  noticed  that  the  arkose  beds  appear  to  hold  much  the  same  relation  to 
the  carbonaceous  slates  as  the  presumably  Mandhdli  boulder  slates  do  to  the  car- 
bonaceous slates  of  the  Chor  and  Chepal.  The  latter,  there  is  every  reason  to  believe, 
are  of  glacial  origin. 


Crystalline  and  Metamorphic  Rocks  of  the  Lower  Himalaya,  Garhwal  and 
Kumaun,  Section  II,  ^^  C.  S.  MiDDLEMiSS,  B.A.,  Geological  Survey 
of  India. 

In  the  last  number  of  the  "Records"  I  described  Dudatoli  Mountain  from  a 
petrological  and  structural  point  of  view.  The  present  paper  will  be  devoted  to  a 
short  account  of  some  ancient  Rhyolites  and  associated  rocks  which  adjoin  the 
Dudatoli  area  on  the  east.  Their  geological  importance  depends  partly  on  the  fact 
that  they  are  the  first  representatives  of  an  acidic  type  of  lava  that  I  have  met  with 
in  British  Garhwal,  partly  on  their  situation  among  a  set  of  formations  sharply 
marked  off  from  the  neighbouring  schistose  area,  and  chiefly  on  the  circumstance 
that  among  them  exists  a  transitional  form,  connecting  petrologically  these  ancient 
acidic  lavas  with  the  gneissose  granite  of  the  Dudatoli  ridge.  This  is  the  first  time 
that  any  of  the  gneissose  granites  of  the  Himalaya  have  been  shown  to  be  connected 
with  a  subaerial  lava  flow :  and  the  coincidence  seems  to  finally  clinch  the  argu- 
ment and  set  at  rest  the  controversy  concerning  the  eruptive  character  of  the 
gneissose  granite.  Strictly  speaking  however,  it  only  demonstrates  that  a  portion 
of  the  gneissose  granitic  material  was  drawn  upon  by  volcanic  vents ;  and,  as  this 

'  I  have  found  that  gneiss  and  granite  disintegrate  into  felspathic  sand,  in  which  the  fel- 
spar is  undecomposed,  at  elevations  of  14,000  feet  and  over  in  Ladik.  I  have  never  seen  a 
material  which  could  consolidate  into  arkose  at  the  lower  elevations,  up  to  lOyooo  feet,  of  the 
outer  Himalayas. 
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material  may  have  come  from  a  source  vertically  far  above  where  theDudatoli  ridge 
now  is,  the  deeper-seated  magma  now  represented  by  the  Dadatoli  rock  may  never 
have  had  much  of  a  demand  made  upon  it  by  the  volcanic  action  above,  to  rush  into 
eruption,  and  so  may  never  have  possessed  much  motion  relatively  to  the  intruded 
rock.  I  will  describe  these  erupted  lavas,  and  the  formations  among  which  they 
occur,  by  reference  to  a  locality  where  I  first  hit  upon  them. 

LoBAH  Volcanic  Rocks. 

The  map  facing  page  142  of  the  last  number  of  the  "Records,''  at  its  east 
margin,  is  contiguous  to  a  great  faulted  boundary  running  nearly  north  by  west  as 
far  as  the  Dewalikhal  pass,  and  then  veering  further  west  as  it  skirts  the  north-east 
portion  of  the  Dudatoli  massif.  This  fault  can  be  traced  for  20  or  30  miles  form- 
ing a  great  dividing  line  between  the  old  schistose  series  among  which  the  gneissose 
granite  is  insinuated,  and  the  younger  set  of  lavas  and  more  nearly  related  formations 
with  which  the  gneissose  granite  is  approximately  contemporary.  A  few  miles  from 
the  fault  these  younger  formations,  in  the  vicinity  of  Lobah,  have  a  fairly  steady  dip 
towards  the  east-north-east ;  but  near  the  fault  they  are  forced  into  a  few  close  folds, 
with  subordinate  faulting,  nearly  parallel  with  the  great  fault  itself. 

The  strike  of  these  rocks  may  be  put  down  as  very  nearly  N.N.W.  to  S.S.E. 
They,  thereforie,  cut  directly  across  the  strike  of  the  schistose  series,  which  is 
roughly  W.N.W.  to  E.S.E. 

The  lowermost  of  the  younger  set  of  formations,  e£ist  of  the  fault,  is  a  limestone 
of  dark  blue-grey  colour,  and  massive  appearance ;  only  differing  from  previously 
described  limestonep  of  this  type  by  the  presence  of  nodules  of  chert  in  some  of  its 
upper  layers.  This  formation  peeps  out  from  underneath  the  volcanic  rocks  in 
longer  or  shorter  anticlinal  domes,  and  is  well  exposed  in  the  stream  beds  which 
join  the  Ramganga  from  the  east.  I  hazard  nothing  at  present  concerning  its  age. 
A  short  thickness  of  glassy  looking  quartzite  is  superposed  in  some  sections. 

A  great  unconformability,  with  attendant  conglomerate,  ushers  in  the  volcanic 
rocks.  The  conglomerate,  which  it  will  be  convenient  to  call  the  Lobah  conglo- 
merate, varies  considerably  within  a  few  miles  of  outcrop;  and  vertically  also  it 
changes  very  rapidly.  Its  strongest  feature  is  a  large,  well-rounded,  torrent-boulder 
bed ;  the  pebbles  being  from  a  few  inches  to  a  foot  in  diameter.  They  are  chiefly 
quartzite,  of  that  hard  and  glassy  kind  found  immediately  beneath  the  conglome- 
rate. I  found  no  pebbles  whose  constitution  could  be  called  a  quartz-schist.  A  few 
limestone  pebbles  were  occasionally  present.  The  whole  is  coherent,  as  a  massive 
and  exceedingly  hard  rock,  with  a  little  cementing  material  of  coarse  quartzose  and 
slightly  calcareous  substance.  In  certain  localities  the  pebbles  are  scarcer,  and  the 
basal  conglomerate  is  then  a  conglomeratic,  faintly  schistose  slate,  or  ashy  slate.  It 
is  sometimes  absent  altogether,  and  the  limestone  is  directly  overlaid  by  the  faintly 
schistose  slates.  South  of  Lobah,  however,  the  section  is  complicated  by  the  intro- 
duction of  a  more  decided  volcanic  element.  Along  with  the  larger  pebbles  there 
appear  angular  fragments,  and  the  matrix  of  the  rock  changes  and  assumes  a  hard 
dark-green  compact  aspect  suggestive  of  a  felsitic  nature.  This  gradually  frees 
itself  from  the  rounded  pebbles,  the  angular  fragments  remaining,  and  more  and  more 
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resembling  brecciated  portions  of  a  flow  similar  to  that  of  the  matrix,  but  of  a  lighter 
tint.  Further  south,  near  Suini,  purer  rhyolitic  rocks  set  in ;  the  whole  series  tending 
to  become  thicker  in  this  direction.  There  are  now  displayed  several  varieties  of  a  com- 
pact type,  and  others  slightly  vesicular.  In  the  small  stream  \  mile  N.E.  of  Mar- 
wara  village,  near  Lobah,  Hound  the  rock  mentioned  above  as  intermediate  between 
the  ancient  rhyolites  and  the  gneissose  granite  of  Dudatoli.  The  whole  of  these 
volcanic  rocks,  together  with  some  subordinate  beds  of  dark  grit,  ashy  grit,  brown  and 
yellow  non-schistose  quartzite,  and  some  steatitic  slates,  cover  the  massive  limestone 
as  a  skin,  down  the  face  of  the  hills  on  the  east  side  of  the  Ramganga  river.  Owing 
to  this  position,  modified  by  faulting,  it  is  sometimes  difficult  to  trace  their  exact 
stratigraphical  relations ;  but  they  seem  to  merge  upwards,  with  sometimes  an  inter- 
vening thin  band  of  cream-coloured  limestone  into  slightly  schistose  slates  and 
schistose  ashes.  The  latter,  in  many  places  high  up  in  the  series,  become  very  basic 
in  character ;  whilst  the  whole  of  the  series  is  entirely  different  from  the  schistose 
series  west  of  the  great  fault.  I  may  here  mention  that  N.W.  of  the  Dudatoli  massif 
another  set  of  acidic  lavas  are  found  along  the  ridge  3  miles  west  of  Dobri  trigo- 
nometrical station.  There  seems  no  doubt  that  they  are  of  the  same  age  as  the 
Lobah  flows. 

At  this  point  it  will  be  convenient  to  close  the  description  of  these  rocks,  so  far 
as  their  field  relations  go,  and  to  describe  them  more  minutely  by  means  of  a  set 
of  specimens.  These  and  their  accompanying  microscope  slides  will  be  referred  to 
by  their  registered  number.  Thus  labelled,  they  are  now  in  the  Geological  Survey 
Museum,  Calcutta. 

Sptctmen  No,  yfy. — ^This  rock  was  found  near  Sainji,  about  |  mile  on  the  path- 
way to  Suini  M.,  Sp.  gr.  270.  Contains  79  per  cent,  of  silica.  Before  the  blow- 
pipe it  fuses  with  difficulty  on  the  edges  of  thin  splinters.  In  the  hand  it  is  a 
compact  rock  of  a  pale  grey-green  colour,  sometimes  flesh-white,  and  altered  much 
by  weathering*  It  breaks  with  a  flinty  fracture.  It  appears  dotted  over  in  many 
place  by  white  spots  about  the  size  of  pin-heads.  These,  which  I  first  thought  were 
spherulites,  are  small  gas-pores,  filled  with  an  alteration  product  in  the  form 
of  amygdules. 

Microscopical. — Under  the  1  inch  objective  the  field  of  the  microscope  is  filled 
by  an  almost  structureless  ground-mass,  containing  no  porphyritic  crystals,  or  in- 
chided  fragments  of  any  kind.  There  is  only  a  faint  indication,  here  and  there,  of  a 
gathering  of  the  material  of  the  ground-mass  into  hazy  clusters.  The  gas-pores 
appear  merely  as  round  holes  in  the  slice.  Under  the  \  and  \  inch  objectives  the 
ground-mass  is  seen  to  possess  a  clear  base,  which,  with  ordinary  transmitted  light, 
cannot  be  split  up  into  grains,  but  appears  uniformly  amorphous.  Through  it  are 
scattered  in  the  wildest  profusion  and  without  any  order  a  countless  number  of 
microlites,  very  small,  and  of  irregular  shape.  They  are  sometimes  more  or  less 
rounded,  sometimes  elongated  needles ;  but  more  often  of  an  irregular  form  longer 
one  way  than  another.  There  is  no  spicular  arrangement,  as  in  the  Arran  pitch- 
stones,  no  dendriform  structure,  and  no  trace  of  spherulites.  The  only  thing  notice- 
able  is  that  in  some  places  the  microlitic  groupings  are  denser  than  in  others.  The 
imicrolites  are  pale  yellowish  green  in  colour.  Minute  specks  of  opacite  are  only 
sparingly  represented,  except  in  connection  with  the  gas-pores,  which  are  more  or  less 
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lined  by  them.  The  micrblltes  cannot  be  regarded  as  having  any  claim  to  a  crystal- 
line stmcture;  for  when  the  nlcols  are  crossed,  they  have  no  influence  on  polarized 
light.  Their  outline  can  then  only  dimly  be  seen  through  the  base,  which  becomes 
divided  up  into  irregular  polygonal  patches  of  light,  and  dark  blue-grey  colour,  whose 
boundaries  are  very  uncertain.  These  outlines  are  quite  independent  of  the  posi- 
tion of  the  microlites,  a  fact  indicating  that  it  is  the  base  alone  in  which  the  micro- 
lites  lie,  which  has  been  altered  molecularly,  and  which  behaves  under  crossed 
nicdls  something  like  a  crystalline  aggregate.  It  is  necessary  to  note,  then,  that  the 
visible  structure  under  ordinary  light  is  replaced  under  crossed  nicols  by  a  pre- 
viously invisible  stmcture;  and  the  microlites,  though  not  absoJutely  vanishing  from 
view,  can  only  be  seen  with  difficulty.  They  have  only  a  negative  influence  on  the 
light.  They  seem  to  run  in  among  the  petrosiliceous  material  which  now,  in  contra- 
distinction to  the  microlites,  shews  its  inherent  differences  of  molecular  constitution 
by  its  positive  effects  on  the  light. 

The  rock  would  seem  from  this  to  be  a  petroinliceous  rock,  with  a  confused 
devitrified  base,  crowded  with  minute  microlites.  .  The  mottled  or  mosaic-like 
appearance  of  the  base  under  crossed  nicols  seems  to  indicate  that  quartzose  and 
felspathic  minerals  are  separating  out,  though  they  have  not  done  so  so  entirely  as 
to  be  visible  under  simple  transmitted  light.  The  question  arises,  what  was  the 
destiny  of  the  microlites ;  would  they  have  been  absorbed,  or  would  they,  if  progress 
had  not  bttn  arrested  by  solidification  (as  seems  indicated  by  their  yellowish  colour), 
have  become  some  other  mineral,  such  as  mica  or  hornblende? 

Specimen  No,  yfg^. — ^This  specimen  is  taken  from  the  crags  above  lUieetheea 
Tea  Factory,  near  Lobah;  Sp.  gr.  s=  2*65.  I  at  first  overlooked  this  rock  in  the 
field,  taking  it  for  a  quartzite,  as  it  weathers  on  the  surface  exactly  like  one.  A  fresh- 
ly broken  specimen  shows  it  to  be  entirely  different,  with  a  dark  green  ground-mass, 
vaguely  showing  flow-structure  and  full  of  angular  fragments  of  compact,  lighter 
tinted  rocks,  flesh-coloured,  and  sometimes  pale  greenish  grey.  It  is  a  very  beauti- 
ful rock,  and  undoubtedly  forms  a  portion  of  the  same  flow  as  No.  yf^.  It  appears 
to  pass  into  the  Lobah  conglomerate  by  the  fragments  becoming  more  and  more 
rounded,  and  the  petrosiliceous  matrix  becoming  less  pronounced,  or  replaced  by 
fine  clastic  material.     (See  above.) 

Microscopical, — Under  the  i  inch  objective  the  rock  is  seen  to  be  as  much  clastic 
as  volcanic.  The  ground  mass  is  of  an  olive  green  colour,  showing  very  distinct 
flow  structure.  The  fragments  of  other  petrosiliceous  rocks  included  are  angular 
and  of  all  shapes.  Their  intimate  structure  is  very  like  that  of  the  previously  de- 
scribed specimen;  and  they  probably  represent  caught  up  dust  and  fragments  of 
older  flows  which  have  become  brecciated.  No  doubt  both  the  included  fragments 
and  the  enclosing  rock  were  practically  of  the  same  age.  Quartz  is  also  present  in 
small  grains,  all  of  which  are  angular  and  the  remains  of  more  or  less  perfect 
crystals.  There  is  a  certain  amount  of  black  and  dark  brown  opacite.  Small  cracks 
in  the  rock  are  lined  by  secondary  quartz,  chalcedony  or  "  quartz  grenu."  Under, 
the  \  inch  objective  the  ground-mass  can  be  discerned  as  having  a  clear  base  like 
the  last  described  rock ;  but  it  is  more  thickly  crowded  with  pale  green  microlites, 
which  are  clustered  together  in  irregular  patches,  as  well  as  being  generally  dissemi- 
nated through  the  base.    These  green  microlites  have  apparently  but  little  effect 
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optically,  except  that  their  density  prevents  so  much  light  passing  through  under 
crossed  nicols  as  there  would  otherwise  be.  The  mosaic  appearance  of  the  base 
is  consequently  to  a  large  extent  shrouded.  I  could  not  see  any,  or  very  little  pola- 
rization colour  due  to  the  microlites,  as  the  stage  was  revolved,  such  as  can  be  made 
out  in  the  rock  next  to  be  mentioned.  Doubtless  the  microlites  in  this  case  were 
just  too  small.  The  flow-structure,  which  is  very  prominent,  is  manifested  by  differ* 
ences  in  the  amount  of  colour  and  in  the  fineness  of  the  bands  of  microlites. 

Altogether,  the  rock  exactly  resembles  a  brecciated,  devitrified  rhyolite,  in  which 
a  considerable  quantity  of  fragments  of  other  flows  have  become  mixed  or  caught 
up. 

Specimen  No.  -^^y*^ — Loose  block  in  the  stream  east  of  Saliana  near  Lobah  and 
found  in  situ  \  mile  N.£.  of  Marwara  near  the  road  to  the  Dewalikhal  pass.  Sp. 
gr.  =  373.  This  rock  links  the  gneissose  granite  of  Dudatoli  with  the  ancient 
rhyolites  and  brecciated  rhyolites  just  described  in  detail.  It  seems  to  have  a 
matrix  very  similar  to  that  of  the  rhyolites  themselves,  and  dispersed  through  it 
are  large  eyes  and  more  or  less  rounded  crystals  of  felspar,  which  give  it  a  por-t 
phyritic  augen  structure.  It  has  also  plenty  of  free  quartz  in  large  irregular 
grains.  I  take  the  following  extract  from  my  field  note>book  : — "Matrix,  a 
dull  pale  greenish  grey,  perfectly  compact  so  br  as  the  eye  can  see,  save  for  a 
flow  structure  and  faint  banded  appearance,  dividing  it  into  sinuous  lines  of  paler 
and  darker  colour.  The  contents  distributed  in  the  matrix  are  a  smaller  set  of 
granules  of  somewhat  dark  quartz,  and  small  rounded  eyes  of  felspar.  Its  por- 
phyritic  nature  is  given  to  it  however  by  the  presence  of  large  eyes  of  felspar, 
rounded  and  oval,  between  which,  as  well  as  between  the  smaller  particles,  the 
matrix  appears  to  have  flowed.  In  some  cases  the  eyes  of  felspar,  especially  the 
larger  ones,  have  become  cracked  and  partially  displaced,  and  the  matrix  seems 
to  have  flowed  in  between  the  adjoining  portions  and  so  encompassed  them." 

Microscopical. — This  rock,  so  far  as  its  ground-mass  is  concerned,  is  very  slight- 
ly coarser  than  No.  y^,  the  green  mineral  being  rather  more  strongly  represented 
by  somewhat  larger  microlites.  Like  it,  however,  it  is  of  an  olive  green  colour,  and 
by  small  differences  in  tint  and  in  the  density  of  the  microlites,  flowstructure  is  mani- 
fest among  the  petrosiliceous  material  which  has  found  its  way  between  the  porphy- 
ritic  crystals  and  included  fragments  scattered  through  it.  Under  the  higher  powerS' 
of  the  microscope  the  evidence  of  its  having  flowed  is  added  to  by  a  vaguely  linear 
arrangement  of  the  microlites,  indicating  that  they  had  become  turned  more  nearly 
parallel  to  the  direction  of  flow,  as  they  were  swept  on  in  the  molten  curr^it.  Of 
the  porph3rritic  elements  in  the  rock  the  large  orthoclase  crystals  are  the  most  con- 
spicuous. They  are  of  an  opaque  porcellaneous  appearance  under  a  low  power,  and 
have  a  very  ancient  look,  disfigured  by  a  corroded  outline,  and  by  the  ramifying  of 
innumerable  veins  of  secondary  quartz  through  them,  and  also  by  portions  of  the 
ground-mass,  full  of  microlites,  being  similarly  thrust  in  between  widely  open  cleav- 
age cracks  at  right  angles  to  one  another.  The  secondary  quartz  was  introduced 
last  of  all,  for  it  cuts  through  the  ground-mass  in  the  matrix  and  through  the  tongues 
of  the  same  which  penetrate  the  orthoclase.  The  free  quartz  is  usually  arranged 
in  hexagonal  groupings  of  three  or  more  crystals,  with  some  of  their  outlines  fairly 
intact  and  with  others  corroded  away  and  jagged,  indicating  that,  though  the  quarti 
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had  crystallized  out  originally,  it  had  suffered  considerably  daring  its  transit  in  the 
molten  flow.  In  one  place  a  portion  of  the  compound  crystal  was  very  nearly 
separated  from  the  rest  by  inclusions  of  the  ground-mass  along  parallel  cracks ; 
which  gave  the  nearly  separated  portion  the  aspect  of  being  connected  by  threads 
with  the  remainder,  and  ready  to  part  at  any  instant.  Secondary  quartz  along  lines 
of  infiltration  invades  the  crystalline  quartz  also.  Innumerable  minute  cavities 
throng  the  quartz,  but  they  are  unresolved  under  the  \  inch  objective. 

Besides  porphyritic  orthoclase  and  quartz,  there  are  also  portions  of  other  petro- 
siliceous  flows  in  rounded  fragments,  a  few  sharply  marked  off  from  the  ground- 
mass,  but  mostly  appearing  as  halffused  up  and  amalgamated  with  the  ground-mass. 
Distinct  irregular  clumps  of  opacite  are  present  in  fairly  large  quantities. 

Under  Crossed  nicols,  as  in  the  previous  cases,  no  undifferentiated  glassy  base 
can  be  satisfactorily  made  out.  The  grey-blue  mosaic  indicates  at  once  devitrifica- 
tion structure,  which  is  not  quite  so  much  obscured  as  in  the  previous  rock  slice. 
The  general  effect  is  not  quite  so  dark.  The  embryonic  quartz  and  felspar  appear 
to  have  gone  a  little  further  towards  separating  out  into  distinct  granules.  Without 
the  crossed  nicols,  however,  this  separation  is  quite  invisible.  Under  the  \  and  \ 
inch  objectives  the  microlites  of  the  ^reen  mineral  are  seen  to  be  rather  larger  than 
in  the  last  rock,  and  to  have  a  decided  effect  on  polarized  light,  so  that  when  the 
nicols  are  crossed,  the  somewhat  parallel  microlites  light  up  the  field  of  the  micro- 
scope with  multiform  coloured  brush-like  aggregates. 

From  all  points  of  view  this  rock  must  be  considered  akin  to  No.  y^^,  save  that 
it  contains  crystals  of  the  "  first  consolidation,"  viz.,  porphyritic  quartz  and  felspar. 
It  may  therefore  be  called  a  devitrified  porphyritic  rhyolite.  Had  the  rock  solidified 
under  a  pressure  of  super-incumbent  rock  and  cooled  slowly,  it  seems  probable  that  it 
would  have  resulted  as  a  microgranulitic  rock  or  elvan,  with  the  porphyritic  addition 
of  quartz  and  orthoclase.  It  would  be  difficult,  therefore,  to  deny  it  an  intermediate 
position  between  the  gneissose  granite  of  Dudatoli  and  the  purer  rhyolitic  lavas. 

Specimen  No,  yj^. — ^This  is  from  the  same  locality  as  No.  yfy.  Sp.  gr.=3'03. 
It  is  undoubtedly  a  vesicular  variety  of  the  purer  rhyolite.  In  the  hand  it  is  pale 
whitey  green  in  colour,  splitting  with  some  difficulty  along  the  direction  of  original 
flow.  Under  the  microscope  its  only  peculiarity,  as  distinguished  from  No.  yjy,  is 
the  large  number  of  gas-pores,  which  are  filled  with  reddish  iron  oxide.  These 
account  for  its  high  specific  gravity ;  for  another  fragment  taken  from  the  same 
piece  of  rock,  but  less  full  of  amygdules,  has  a  specific  gravity  of  only  2'66. 

Specimen  No.  yj^. — Sp.  gr.=2*63.  This  rock  is  not  from  the  locality  of  Lobah, 
but  from  the  stream-head  running  west  to  Peera  from  the  Dobri  ridge.  It  is  men- 
tioned here  because  it  links  the  thoroughly  brecciated  and  clastic  forms  of  the 
rhyolite  with  the  amorphous  compact  varieties.  It  is  pale  grey  or  whitey  green  in 
colour,  showing  a  distinctly  banded  structure,  which  has  in  places  become  in- 
terrupted by  one  of  the  bands  becoming  distorted  and  brecciated,  and  by  the  inter- 
banding  of  minute  rounded  quartz  grains,  suggestive  of  a  fragmental  origin.  This 
structure  clearly  evinces  that  partial  cooling  had  been  followed  by  further  flowing 
of  the  semi-solidified  mass. 

These  few  examples  are  sufficiently  typical  of  the  acid  lavas  and  their  allied 
forms,  as  developed  in  the  neighbourhood  of  Lobah.    Others  from  localities  N.W. 
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of  the  Dudatoli  massif  will  be  described  in  due  course,  and  also  some  allied  com- 
pact red  porphjrites,  or  ancient  rocks,  of  a  less  acidic  character,  found  near  Charmar- 
guri  trigonometrical  station.  There  also  remain  to  be  considered  the  basic  lavas 
which  seem  to  replace  or  overlie  the  acidic  lavas  at  some  parts  of  the  margin  of  the 
Dudatoli  area.  Though  far  more  abundant  than  the  ancient  rhyolites,  I  have 
deferred  their  examination  until  later,  because  their  connection  with  the  gneissose 
granite  seems  to  be  inadmissible.  It  is  indeed  difficult  to  account  for  the  plutonic 
representatives  of  these  lavas ;  nevertheless,  until  the  district  is  completely  mapped, 
it  is  unsafe  to  say  that  they  have  no  such  representatives. 

I  will  conclude  these  petrological  notes  by  a  reference  to  the  differences  in 
metamorphism  between  the  old  schistose  series  west  of  the  great  fault  near  Lobah, 
and  the  very  slightly  schistose  rocks  which  lie  to  the  east  of  it.  The  garnets,  and 
well  developed  plates  of  mica,  which  characterize  the  old  schistose  series  end 
abruptly  at  the  fault.  Now,  as  was  shewn  in  my  last  paper,  the  production  of  garnets 
in  the  schist  and  the  appearance  of  the  Dudatoli  gneissose  granite  must  have 
been  contemporaneous,  and  probably  inter-dependent.  It  therefore  follows  that  the 
argument  for  the  great  age  of  the  gneissose  granite  previously  founded  on  other  and 
more  general  grounds,  is  now  buttressed  by  this  additional  fact  concerning  the  dis- 
tribution of  the  contemporary  metamorphism. 


The  Iron  Industry  of  the  Western  Portion  of  the  District  of  Raipur,  by 
Pramatha  Nath  BOse,  B.Sc.  (Lond.),  F.G.S,  Deputy  Superin^ 
tendentj  Geological  Survey  of  India. 

Literature. — ^The  notice  taken  in  the  article  on  "Raipur"  in  the  Central  Pro^ 
vinces  Gazetteer  (published  1870)  of  the  iron-ores  of  the  district  is  very  poor.  Only 
two  localities  are  mentioned,  and  not  a  word  is  said  about  the  mode  of  occurrence, 
the  extent,  or  the  working  of  the  ore.  It  is  no' wonder,  therefore,  that  Mr.  Ball,  the 
accomplished  writer  of  the  "  Economic  Geology  of  India,''  should  have  summarily 
disposed  of  the  iron-ores  of  the  Raipur  district  by  saying, "  Little  or  nothing  is  record- 
ed as  to  the  iron-ores  of  this  district." 

In  Appendix  III,  G.  (Mines  and  Quarries)  of  the  last  number  of  the  Central  Pro- 
vinces Administration  Report  (1885-86),  half-a-dozen  iron-ore  localities  are  men- 
tioned as  occurring  in  the  district  of  Raipur,  viz.^  **  Kondkasar,  Bhindo,  Lahora, 
Dalli,  Sambarsingha,  and  Magarkund."  The  history  of  several  of  these  names  is 
not  without  interest.  In  the  Administration  Report  for  1868-69  ^^^  names  given 
are  **  Condkusar,  Bhindo  and  Lohara,  Dallee,  and  Muggurkund."  Two  years  later 
we  find  "Lohara"  separated  from  "Bhindo"  and  joined  on  to  Dallee  as  "Lohara- 
Dullee;"it  was  subsequently  again  disjoined  from  Dallee,  and  transformed  into 
''  Lahora."  But  I  know  of  no  place  of  that  name  in  the  Raipur  district  where  iron- 
ores  occur.^     ^Lohara-Dalli"  would  be  more  intelligible,  for  the  hill  of  Dalli, 

*  There  is  a  Lohara  hill  in  the  Chanda  district  where  iron -ores  of  good  quality  are  known  to 
occur. 
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whieh  is  full  of  iron^res,  one  variety  being  the  richest  as  yet  fonnd  in  India,  being 
situated  in  the  Daundi-Lohdrd  zamindiri.  "Bhindo"  and  ''  Sambarsingha,''  I  have 
not  yet  been  able  to  identify. 

2.  Extent  of  the  ores, — ^The  number  of  places  where  iron-ores  and  smelting  fur- 
naces exist  is  much  larger  than  that  given  in  the  statistical  tables  cited  above.  Of 
the  localities  noted  by  these,  Magarkund  is  the  only  one  where  the  ores  are  still 
worked,  the  furnaces  at  Kondkasar,  Dalli,  &c.,  having  been  given  up  for  some  time 
past.  On  the  other  hand,  as  will  be  seen  from  the  following  list,  there  are  numer- 
ous places  not  mentioned  in -the  statistical  tables  where  I  saw  furnaces  at  work  (sea- 
son 1882-83.)  The  number  of  these  is  very  variable  and  must  be  taken  as  ap- 
proiumate.  The  Agarias  who  work  them  are  a  very  unsettled  people,  leaving  a 
place  as  soon  as  the  neighbouring  jungle  fails  to  satisfy  their  requirements,  or  the 
zamindir  enhances  the  duty  levied  on  their  furnaces. 

I.  GandAi  zamindAri. 

Magarkund. — ^Here  the  ore  worked  is  red  haematite  occurring  as  nodules  in  al* 
luvium  a  mile  and  a  half  north-east  of  the  village  at  the  foot  of  a  hill  of  red  ferrugi- 
nous Chilpi  (?  transition)  sandstone.  The  ore  is  evidently  derived  from  the  latter.  I 
saw  eight  furnaces  at  work  in  the  village. 

II.  ThAkurtola  zamindAri. 

(a)  Chutrala  {deserted), — ^The  ore  is  like  that  of  Magarkund  in  extent  and  mode 
of  occurrence.     It  is  no  longer  worked.^ 

(^)  JTf/mt.^Here  the  ore  is  of  considerable  ettent  and  occurs  in  lateritic  beds 
overlying  black  basaltic  rocks  which  appear  to  be  intrusive  in  the  Chilpis. 

(r)  Basantapur  (not  marked  on  map),— A  village  near  Kumi,  several  smelting 
furnaces  are  at  work  here.    Ore  as  at  Kumi. 

III.  NAndgAon  feudatory  state. 

Lateritic  ore  abundant  over  an  area  of  eight  square  miles,  at  Bhiw&,  JurldkUr 
and  Chuhuri  (depopulated),  now  worked  only  at  Jurlakhar^  where  I  saw  four 
active  furnaces. 

IV.  KhairAgar  feudatory  state. 

In  the  western  portion  of  this  state  north  of  Dongargar  is  a  jungle-clad  hilly  coun- 
try, which  is  full  of  iron-ores.  These  are  very  largely  worked,  there  being  furnaces 
at  Borl(k^  Katulkassa,  Banj(%r  (not  marked  on  map),  Ac,  probably  aggregating 
twenty  in  number.  The  ores  mostly  occur  in  soil  covering  basaltic  rocks  which  ap- 
pear to  be  intrusions  in  the  Chilpis ;  but  rich  haematite,  among  beds  of  red  sandstone, 
is  also  met  with. 

V.  WOrXrBAND   ZAMINDARI. 

West  of  Worir  a  mile  south  of  the  great  eastern  road  from  Nagpur  to  Raipur, 
I  found  iron-ore  in  lateritic  deposits  covering  beds  of  hard,  red,  nearly  flat  sandstone 
(Chandarpur).  The  country  is  poorly  wooded;  and,  as  far  as  I  could  ascertain,  it 
has  never  been  utilised. 

'  Last  season  furnaces  were  working  at  Murwabhat,  3  miles  south-east  of  Chutrala. 
'  From  information  last  season  (1886-87)  1  learn  that  the  village  is  now  deserted. 
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VI.  DXundi-LohXrX  zamindXri. 

The  richest  and  most  extensive  ores  of  the  district  are  to  be  found  in  this  zamin- 
diri.  Furnaces  exist  at  Killakord,  Ungdrd,  Hirkdpdr^  &c.  The  hill  of  Dalli,  for 
about  7  miles  of  its  length,  is  full  of  good  haematite,  which  is  developed  in  hard, 
red,  rather  thin  bedded  ferruginous  Chilpi  sandstone.  The  villages  of  Dalli  and 
Kondekassa  once  possessed  a  very  large  number  of  furnaces,  but  they  have  been 
given  up,  owing,  I  heard,  to  the  Zaminddr  of  Lohara  having  raised  the  duty  levied  on 
iron  furnaces. 

3.  Analyses, — Four  specimens  of  the  ores  brought  by  me  were  analysed  ;by 
Mr.  E.  J.  Jones,  of  the  Geological  Survey,  with  the  following  result  :— 

Perctotage  of  iron. 

1.  Dalli 72*92 

2.  Do 67*41 

3.  ChutriLla 63*82 

4.  Worarband 53*24 

4.  The  first  variety  of  the  Dalli  ore  appears  to  be  the  best  that  has  as  yet  been 
found  in  this  country,  as  will  be  seen  from  the  following  comparison :— - 

Dalll.  Lohara  hiU.^     Agarla.*  Sanlow.*       Dechann.« 

(Raipar.)  (Chanda.)      (Jft^>'P"'*>     (RAJpntunA.)     (Kumton.) 

Percentage  of  Iron  .    72*92  69*208  68*28  66'oo  55*13 

5.  Fuel  and  Water  Supply, — All  the  places  mentioned  above,  except  Magar- 
kund  and  Worarband,  are  situated  in  fairly  wooded  forests ;  and  those  near  Dalli, 
especially  to  the  west  and  south-west  of  it,  are  exceptionally  good,  so  much  so  that  a 
charcoal  furnace  on  a  large  scale  could  possibly  be  maintained  here  to  advantage. 
The  fuel  used  for  reduction  of  ore  in  the  fnmace  is  obtained  from  DhaorUy  Salatsind 
simitar  trees  of  comparatively  little  economic  importance,  teak  and  other  timber- 
yielding  trees  being  not  allowed  to  be  cut  down  for  the  purpose.  For  refining, 
bamboo  charcoal  is  employed. 

Of  all  the  places  tabulated  above,  Dalli  is  most  advantageously  situated  as  re- 
gards supply  of  water,  several  springs  in  the  neighbourhood  yielding  [it  in  a  very 
pure  form.  Mr.  £.  J.  Jones  of  the  Geological  Survey,  who  kindly  analysed  a  sample 
of  the  spring  water,  detected  the  merest  traces  only  of  lime  and  chloride  in  it 

6.  Flux, — Flux  is  never  used  in  the  furnaces  which  I  saw  at  work.  The 
Raipur  (Lower  Vindhyan  ? )  limestone  is  usually  not  far  off  from  the  iron-ore 
localities.  As  regards  Dalli,  the  nearest  outcrop  of  it  is  at  a  distance  of  20  miles. 
One  specimen  of  the  stone,  analysed  by  Mr.  Hiralal,  of  the  Geological  Survey,  gave 
the  following  result : — 

Carbonate  of  lime ^TSO 

„           „  magnesia    ••••••••  2*00 

Oxide  of  iron  and  alumina        •         •         •         ^         .         •         •  0*90 

Insolubles                .••••••..  13*60 


IQO'OO 


!<'  Manual  of  the  Geology  of  India,**  Vol.  Ill,  p.  38& 

*  Records,  G.  S.  I.,  XVI,  p.  97. 
'  Manual,  III»  p.  395- 

*  Ditto       p.  409. 
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7.  Mode  of  workings  &c. — ^The  furnaces  are  of  a  primitive  character,  not  unlike 
those  described  at  p.  380  of  the  "  Manual  of  the  Geology  of  India,"  pt.  III.  The 
ore  selected  is  almost  invariably  the  softest,  though  not  always  the  best,  available* 
The  metal  turned  out  by  the  furnace  is  refined  in  an  open  hearth,  and  is  made  into 
bars  called  chuh,  which  are  sold  to  blacksmiths  at  an  average  rate  of  five  annas  per 
chuL  The  outturn  per  day  from  each  furnace,  supposing  eight  persons  to  be  em- 
ployed for  preparing  and  bringing  fuel  and  ore,  and  for  working  at  the  bellows, 
would  be  four  chuU,  selling  at  one  rupee  four  annas.^  Fixing  the  wages  of  work- 
people at  two  annas  per  head,  this  leaves  a  margin  of  four  annas  for  the  proprietor. 
The  duty  on  the  furnace  has  to  be  paid  from  this  sum,  and  it  may  be  as  low  as 
one  rupee,  and  as  high  as  seven  rupees  per  annum.  71iis,  however,  is  inclusive  of 
all  dues  on  accotmt  of  trees  cut  down  for  charcoal.  As  the  only  expensive  portion 
of  the  apparatus  employed  is  the  bellows,  which  costs  from  three  to  four  rupees,  and 
as  the  proprietor's  supply  of  labourers  is  usually  drawn  from  his  own  family,  he 
being  one  of  them,  iron«smelting  is  considered  a  fairly  profitable  industry  where 
fuel  is  abundant,  and  the  duty  on  the  furnace  not  too  high. 

The  furnaces  are  worked  by  a  class  of  Gonds  who  style  themselves  A  garths  or 
PardMns,  They  almost  invariably  speak  the  Gondi  language,  which  their  brethren 
of  the  plains  have  quite  forgotten,  and  would  not  scruple  to  eat  cow,  buffalo,  ftc^ 
which  the  latter,  who  aspire  to  the  title  of  Hindus,  would  never  touch.  Iron-smelting 
must  be  a  very  old  industry  with  the  Gonds.  Their  traditions  ascribe  their  first 
setilement  in  Kdchikopa  Lahugarhy  or  the  **  Iron  valley  in  the  Red  Hills  ; "  and 
the  only  metal  for  which  they  appear  to  have  a  name  in  their  language  is  iron. 


Notes  on  Upper  Burma,  by  E.  J.  JONES,  A.R.S.M.,  Geological  Survey  of 

India  (with  2  maps). 

1.  The  Chindwin  Valley. 

2.  The  Panlaung  Coal-field. 

3.  Two  Coal  Localities  in  the  Shan  Hills. 

4.  Lignite  at  Thigyit  near  Nyaungwe. 

5.  Metalliferous  Mines  in  the  Shan  Hills. 

I. — The  Chindwin  Valley. 

The  strata  exhibited  in  the  Chindwin  river  at  Monywa,  the  lowest  point  which  I 

visited,  consist  of  recent  sand,  resting  on  a  ferruginous  con- 

de^os^tr*  *"^    alluvial      glomerate  containing  fragments  of  the  well  known  fossil  wood* 

so  widely  distributed  in  Burma.    I  found  this  fossil  wood  at 

almost  the  highest  point  to  which  I  travelled  on  the  Chindwin  (the  neighbourhood  of 

'From  the  manner  in  which  the  operations  are  performed,  it  is  impossible  to  form  any- 
thing like  a  correct  estimate  of  either  the  outturn  or  of  the  working  expenses. 

*  Derived  from  the  "  fossil  wood  group/'  of  Mr.  Theobald.  See  Memoirs,  G.  S.  I.|  X, 
p.  247. 
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the  month  0!  the  Kal6  creek),  and  as  far  east  as  a  short  distance  from  the  base  of 
the  Shan  Hills ;  while  according  to  Mr.  Theobald  it  is  of  very  wide-spread  occurrence 
in  Lower  Burma. 

At  Alon,  5  miles  up  the  river  above  Mony  wa^  the  same  conglomerate  is  seen 
dipping  slightly  towards  the  east 

Above  Alon  the  banks  are  low  and  sandy  for  some  distance,  but  a  few  miles 

above  the  station,  a  ridge  of  sandstone,  which,  from  the  launch 

^     ^*  in  which  I  was  travelling,  appeared  horizontal,  but  which 

probably  dips,  as  do  the  strata  everywhere  in  this  part  of  the  country,  to  the  east,  is 

seen  running  across  the  river  from  east  to  west  amd  forming  a  low  cliff  on  each  bank. 

Above  this  point  the  right  bank  becomes  less  sandy  and  higher,  while  the  left 
bank  remains  low  and  chiefly  composed  of  sand.  Another  ridge  of  sandstone  runs 
across  just  by  Yathit. 

Above  this  point  similar  sandstone  frequently  appears  in  both  banks,  though  at 
the  time  I  visited  the  locality  the  channel  was  frequently  separated  from  the  actual 
river  bank  by  wide  stretches  of  sand-bank,  between  which  the  little  water  that  was 
left  in  the  river  flowed. 

Some  miles  below  Kani  the  banks  become  quite  low  and  sandy  again,  but  at 
Kani  there  is  a  precipitous  cliff,  just  above  the  village,  formed  by  a  small  range  of 
hills  running  nearly  north-south,  which  here  crosses  the  river. 

At  the  bottom  of  this  cliff,  which  is  about  200  feet  high,  there  are  20  feet  of  coarse 
ferruginous  conglomeratic  sandstone,  above  which  the  sandstone  becomes  much 
finer  and  lighter  coloured,  being  of  a  light  buff,  though  bands  of  the  darker  coloured 
ferruginous  sandstone  are  to  be  seen  at  intervals  all  the  way  up. 

Above  Kani  the  banks  gradually  become  low  again  till,  at  about  17  miles 
below  Maukadau,  the  river  passes  through  a  much  higher  range  of  sandstone  hills. 
Above  this  the  river  becomes  wide  and  much  spread  out,  and  blocked  with  sand- 
banks, though  low  hills  are  always  to  be  seen  at  no  great  distance  from  the  river. 

Above  Mingin  soft  sandstones  are  seen  on  the  right  bank  dipping  to  the  east  under 
the  river ;  the  left  bank  is  fairly  flat  with  an  occasionalsmall  outcrop  of  the  sandstone. 

At  the  junction  of  the  Kal6  creek  (or  Myit-tha)  a  fine-grained  greenish  yellow 

^  sandstone,  harder  at  and  near  the  weathered  surface  than 

Cretaceous?  ..j         j  ^  *  >  e      ^       *  j. 

mside  and  contammg  courses  of  a  harder  sandstone,  is  ex- 
posed dipping  to  £.15^.  at  30^.  The  harder  courses  are  due  to  infiltrated  silica  and 
ferruginous  matter.  This  sandstone  also  contains  in  parts  ferruginous  nodules  and 
bands  of  a  somewhat  coarser  texture. 

l*ke  Kali  Coal-field. — This  is  only  a  small  portion  of  what  promises  to  be  a  much 

larger  field.    It  owes  its  name  to  the  fact  of  some  coal 
osi  ion  o     e   e  having  been  found  and  worked  to  some  extent  in  the  so- 

called  Kal6  creek  (the  Myit-tha),  which  flows  into  the  Chindwin  at  the  village  known 
as  Kalewa  (Lat.  23°  4'  N^  Long.  94^  25'  £.),  situated  on  the  right  bank  of  the 
Chindwin  between  Mingin  and  Kindat. 

I  was  informed  by  those  who  had  the  opportunity  of  observing  the  neighbouring 

country  that  this  is  by  no  means  the  only  tributary  of  the 
th^hTndw^.*^*"^*  *^°     Chindwin  in  which  coal  occurs,  but  that  it  is  to  be  found 

in  almost,  if  not  quite,  all  the  streams  flowing  in  on  the  right 
c 
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Coal  in  Kubo  valley. 


bank  below  the  Kal6  creek,  and  to  the  north  of  this  point  as  far  as  Tamil.    Coal 

was  also  reported  by  Captain  Stevens  throagh  the  Political 
Agent,  Manipur,  in  1886  to  occur  in  large  quantities  in  the 
Kubo  valley,  though  Captain  Stevens  did  not  think  it  would  ever  be  able  to  com- 
pete with  the  Kal6  coal. 

The  only  coal  locality  I  visited  was  that  on  the  Kal^  creek.    The  coal  b  here 

found  out-cropping  in  the  right  bank  of  the  stream  about 
3 1  to  3  miles  above  its  junction  with  the  main  river,  and 
just  below  the  villages  of  Thitcho  on  the  left  bank,  and 
Chau-oung  on  the  right  bank.  About  a  \  mile  below  Chau-oung  a  small  stream 
runs  into  the  creek  from  the  south,  immediately  below  which  the  main  seam  of 
coal  is  exposed. 

The  whole  section  as  seen  is  as  follows  in  descending  order,  the  dip  being  to  the 
east  at  45° : — 


Position  of   the  coal 
outcrops. 


Strata. 


1.— Sandstone  •         .         •         •         • 

2i — Carbonaceous    clay,   with    bright 

jetty  bands  of  coaly  matter. 
3. — Fine  bedded  shales        .  .  . 

4. — Hard,  calcareous,  shaly  sandstone 

containing   fragments    of    fossil 

plants. 
5. — Shale     containing     concretionary 

masses  resembling  No.  4. 
6. — Coaly  matter        ,         .         .         . 


7. — Carbonaceous  sandy  shales  . 
8. — Sandy  shales        .  •         . 

9. — Clayey  shales      .         •         • 


Here  the  section  is  concealed  for  150  feet. 
10. — Hard  band  of  a  heavy  stone  similar 

to  No.  4. 
II.— Shales         •         •         •         •         . 

The  section  is  here    again  concealed 

12. — Very  much  broken  and  partly  de- 
composed blue  shale. 
I3« — Good  Coal  .         .         •         •  . 

14.— Inferior  coaly  shale      ,         ,         . 

15. — Brown  clayey  shale,  with  strings  of 

coaly  matter. 
16.— Grey  shale  ..... 

Carried  over         • 


Thick 

.ness. 

Ft. 

In. 

5 

0 

2 

0 

20 

0 

2 

0 

50 

0 

2 

0 

10 

0 

20 

0 

30 

0 

I 

30 

5 
10 

I 

I 

7 


o 
o 


o 
o 

9 
7 
o 


Remarks. 


Only  5  feet  are  exposed,  the  upper  por^ 
tion  being  concealed  by  alluvial  day. 


This  is  however  only  a  local  bed,  as   it 
thins  out  and  disappears  withm  20  feet. 


This  is  the  maximum  thickness ;  it  Taries 
from  a  ft.  to  6  in.  and  back  to  a  ft.  within 
a  few  feet. 


Contains  courses  of  exfoliating  fermgin- 
ous  lumps  in  the  undecom posed  centre 
of  which  are  fragmentary  plant  remains 
by  the  talus  from  a  small  stream. 


for  a  few  feet. 


Useless. 

7  feet  is  all  that  is  seen  of  this 
grey  shale,  5  feet  are  seen  in 
the  coal  quarry  and  2  feet  be- 
low the  quarry ;  the  concealed 
interval  ls  at  roost  4  feet. 


Is 

•   ** 

2  a 

8 


^B 
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Strata. 

Thickness. 

Remarks. 

Brought  forward 
17. — Coaly  matter       ,         .         •         . 
l8w— Clayey  shale        •         •         •         . 

Ft.    In. 

197      4 

0  9 

1  0 

\ 

o    5 


0  7 

1  0 


Coaly  matter        • 
19. — ^  Clay  shale   •         • 

Coal  •         « 

90. — Shale,  with  coaly  strings       , 
21. — Carbonaceous  papyraceous  shale 
aa.^ Yellowish  shales  « 

23.— Sandstone  •         •         • 
34.— Shale  •        •        • 

25.— Sandstone  .        «        • 
26.— Shale         • 


27.— Carbonaceous  shale  • 

28. — Yellowish  shale  •  « 

^^Coaly  matter       •  • 

30. — ^Loose  shale         «  • 
3i.-~Good  bituminous  bright  coal 

33. — Carbonaceous  shale  • 

33d — ^Yellowish  shale  •  « 

34. — Sandstone  «        «  • 


35. — Sandy  shale,  with  bands  of  sand- 
stone. 

36^ — Soft  sandstone,  with  irregular 
courses  of  harder  sandstone. 


Total 


12 

3 
II 

4 
I 

I 

5 
I 


o 
o 
o 
o 
o 
o 
o 
o 


4  10 

4  7 

2  6 

o  6 

o  10 

91  O 

1  O 

ro  o 

30  o 


314     4 


The  clay  shale  is  a  mere  local  bed  which 
thins  out  in  a  few  feet 


This  sandstone  (No.  36)  forms  an  escarpment  on  the  east  bank  of  the  small 
stream  mentioned  above  as  flowmg  into  the  creek  just  above  the  coaL 
c  3 
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To  the  west  of  this  stream  nothing  is  seen  except  the  alluvial  soil  of  the  bank, 
till  some  conrses  of  a  hard  sandstone  are  seen  just  below  Chau-oung  ^aboat  quarter 
of  a  mile  up  the  river). 

Below  the  sandstone  is  a  3-in.  seam  of  bright  bituminous  coal  resting  on  shale, 
beyond  which  alluvial  soil  again  covers  all. 

To  the  south  of  this,  on  the  opposite  (left)  bank  of  the  river,  and  just  above  the 
village  of  Thitcho,  a  2-ft.  seam  of  bright  coal  is  exposed,  with  broken  shale  above 
it  and  grey  shale  below.    The  dip  here  is  also  to  east  at  45°. 

Above  this  in  the  series  of  rocks  (/>.,  down  the  river)  are  about  39  feet  of  fissile, 
sandstone  and  shale,  then  6  inches  of  coal  and  i  foot  6  inches  of  grey  shale,  beyond 
which  the  section  is  concealed  on  this  side  of  the  river.  It  is  probable  that  one  of 
these  seams  corresponds  to  the  2-in.  seam  seen  on  the  other  side. 

Going  up  the  small  stream  running  into  the  river  just  above  the  lo-ft.  seam  of 
Further  small  seams     ^°^^»   nothing  is  seen  for  the  first  mile  but  fine-grained 
of    coal    in    tributary     sandstone  (sometimes  fissile  and  much  broken)  and  blue, 
streams.  ^^^y^  ^^^  yellow  shales  of  the  same  character  as  those 

exposed  in  the  main  section.  About  one  mile  up  on  the  right  bank,  there  is  a  band 
of  papyraceous  coaly  shale  varying  from  4  to  6  inches  in  thickness,  and  covered 
by  grey  shale  streaked  with  black  and  containing  some  threads  of  bright  bituminous 
coal.  This  must  be  some  hundreds  of  feet  below  the  seams  exposed  in  the  creek, 
as  from  this  point  the  stream  runs  chiefly  east  and  somewhat  north,  to  its  junction 
with  the  creek,  the  dip  remaining  45°  E.  all  the  way. 

About  half  a  mile  further  up,  on  the  left  bank,  is  a  great  mass  of  grey  and  some- 
what carbonaceous  shales  containing  a  lo-in.  seam  of  roa/,  covered  with  grey 
shale  and  having  carbonaceous  shale  below.  The  dip  here  is  to  E.  10^.  at  35®. 
About  20  feet  further  up  the  stream  (1.^.,  below  in  the  series  of  beds)  is  another 
2-in.  seam  of  coal^  and  ico  feet  further  on  a  seam  i  foot  4  inches  thick  of  coal 
dipping  to  east  at  45°.  1  hose  coals  are  all  of  the  same  character,  being  bright 
bituminous  coals  with  cuboidal  fracture,  but  containing  layers  of  dull  coal.  Aboat 
50  feet  further  on,  below  the  series  of  shales  and  coal,  is  some  very  hard  slightly 
calcareous  sandstone,  containing  impressions  of  fossil  leaves,  and  in  which  I  also 
found  the  internal  cast  of  a  gasteropod  shell. 

There  is  another  small  stream  flowing  into  the  creek  on  the  left  bank  above 
Thitcho  village,  in  which  a  small  seam  of  coal  (i  foot  2  inches)  is  seen,  with  clayey 
shale  both  above  and  below  it.  The  dip  here  is  only  35°  to  R  About  a  quarter 
mile  further  up  is  another  i-ft.  seam  of  coal.  These  are  both  of  the  same  bright 
bituminous  and  jointed  character. 

Up  the  main  creek  nothing  is  seen,  as  far  as  I  went,  of  any  coal ;  but  there  must 
be  some  further  up,  as  I  found  small  fragments  of  coal  on  the  sandbanks  in  the  bed 
of  the  river. 

Down  the  river  also  I  saw  no  signs  of  coal,  the  greater  part  of  the  rocks,  where 
exposed,  being  hard  sandstone. 

We  have  thus  within  an  area  of  about  one  square  mile  ten  distinct  seams  of  coal, 

all,  except  one,  of  which  are  however  useless.    I  was  also 

Number  of  the  seams.       •   r  1       i  ^1     *  •  •*     r  .i_ 

mformed  subsequently  to  my  visit  of  another  exposure   at 

some  distance  from  the  river  on  the  left  bank.    There  are  probably  numerous  other 
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small  seams  in  the  neighbourhood,  though  not  in  such  a  favourable  position  for 
working  as  the  lO-ft.  seam,  even  if  they  are  of  sufficient  thickness. 

The  coal  appears  to  be  of  a  fair  quality,  the  great  drawback  being  its  friable 

nature.  It  contains  the  numerous  small  veins  and  pockets 
the  coaf^  *"     *^  ^^  fossil  resin  noticed  in  some  of  the  cretaceous  coals  of 

Assam,  and  the  Lenya  river  coal  of  Tenasserim,  which  is  a 
good  sign  as  cretaceous  coal  is  more  likely  to  extend  to  a  distance  than  the  uncer- 
tain seams  of  tertiary  age.    No  pyrites  can  be  detected  by  optical  examination. 
The  position  is  very  favourable  for  working,  being  in  direct  communication  with 

the  Chindwin.  The  best  and  simplest  means  of  carriage 
ne  o  c  seam.  y^Qxx\^  be  by  water :  the  coal  would  have  to  be  loaded  into  flats 
at  the  pit's  mouth,  and  the  navigation  down  stream  would  probably  not  present  any 
great  difficulties.  Another  thing  on  which  the  value  of  the  seam  depends  to  a  veiy 
great  extent,  is  its  lateral  extension  and  the  depth  to  which  it  reaches.  In  order 
to  test  this  it  will  be  necessary  to  put  down  experimental  borings,  and  I  have  recom- 
mended that  this  should  be  done  as  soon  as  possible. 

In  the  borings,  it  must  be  remembered  that,  owing  to  the  high  dip  of  the  seam, 
the  coal  will  appear  to  be  thicker  than  it  really  is.  Should  they  give  equally 
fovourable  results  on  both  sides  of  the  river,  I  should  recommend  the  mining,  at 

any  rate  at  starting,  to  be  carried  on  on  the  left  bank,  as  the 

ground  is  there  much  flatter,  with  a  small  plain  between 
the  river  and  the  hills,  whereas  on  the  right  bank  the  hills  come  right  down  to  the 
river.  These  preliminary  uials  should  be  put  down  by  Government  in  order  to  see 
whether  the  coal  extends  to  any  distance. 

The  workings  which  were  being  carried  on  at  the  time  of  my  visit  have  since 

been  stopped  by  order,  as  they  were  not  only  ruining  the 
'dm  ^^^         work-     f^^^e  prospects  of  the  place  as  a  mine,  but  also,  owing  to 

their  dangerous  nature  and  the  consequent  fear  of  the  villagers 
in  digging  the  coal,  there  might  be  great  difficulty  in  procuring  labour  hereafter: 

These  workings  consisted  of  a  quarry,  which  was  being  driven  in  along  the  strike 
in  a  southerly  direction  from  the  river.  There  are  about  20  feet  of  a  coarse  gravel 
(containing  boulders  3  feet  to  4  feet  in  diameter)  above  the  coal.  The  workmen 
removed  the  upper  7  or  8  feet  of  the  coal,  leaving  the  upper  gravel  unsupported, 
which  consequently  fell  down  after  the  coal  had  been  removed  for  some  distance; 
inde^  on  one  occasion  one  of  the  workmen  is  said  to  have  been  crushed  to  death. 
If  there  was  any  one  with  even  a  slight  practical  knowledge  of  the  class  of  work, 
the  danger  could  be  easily  avoided  by  temporary  supports  and  breaking  down  the 
heavy  stones  before  they  became  loose ;  but  even  then  the  place  would  be  ruined  for 
a  mine,  as  the  quarry  would  subsequently  become  a  means  of  entry  for  water  and 
necessitate  expensive  pumping  machinery.  On  this  account  I  recommended  that 
work  should  be  stopped  before  any  more  damage  was  done. 

If  coal  is,  however,  required  for  present  use  it  might  be  obtained  by  driving  an 
inclined  tunnel  on  the  coal  from  the  top  of  the  bank  of  the  stream  to  the  west,  which 
would  reach  the  coal  in  30  to  30  yards,  and  need  not  incline  downward  more  than 
loP.  It  should  be  started  where  the  clay  forming  the  bank  begins  to  cover  up  the 
sandstone  at  the  comer  where  the  stream,  after  running  east,  turns  abruptly  north' 
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Means  of  transit. 


Supply  of  labour. 


before  running  into  the  KaM  creek ;  and  it  should  be  driven  due  east:  or  the  tunnel 
might  be  started  at  any  point  between  this  and  a  line  drawn  due  south  from  the 
Closed  workings;  in  which  case  it  would  be  shorter,  but  the  inclination  woidd  have 
to  be  greater. 

Specimens  of  the  coal  which  I  sent  for  assay  in  Calcutta  were  unfortunately  burnt 
on  the  way,  so  that  I  am  unable  at  present  to  give  any  opinion  as  to  the  value  of 
the  fuel,  as  compared  with  other  known  coals ;  but  it  bums  well,  and  the  engineers 
and  serangs  on  the  steamers  using  it  praise  it  very  highly. 

As  regards  the  means  of  transit,  I  should  decidedly  recommend  water  carriage,  as 

it  is  ready  to  hand.  I  have  not  been  able  to  see  the  creek 
during  the  rains,  but  it  would  probably  be  navigable  for 
vessels  of  light  draft  during  all  seasons  of  the  year,  and  the  coal  could  be  floated 
down  to  the  Chindwin  in  light  draft  barges. 

From  enquiries  I  made  on  the  spot,  and  from  the  information  supplied  by  Cap- 
tain Raikes  (the  Deputy  Commissioner),  it  appears  that  the 
supply  of  labour  would  be  quite  equal  to  the  demand  when 
once  the  people  had  got  accustomed  to  the  class  of  work,  but  at  first,  at  any  rate, 
a  certain  proportion  of  skilled  workmen  would  have  to  be  imported  from  India,  as 
the  people  are  quite  unused  to  the  style  of  work.  After  they  had  learned  the 
proper  way  of  using  ordinary  mining  tools,  &c.,  this  imported  labour  could  be  to  a 
great  extent  dispensed  with.  At  present  the  only  tool  they  use  is  a  kind  of  rough 
spud,  such  as  they  use  for  agricultural  purposes. 

An  efficient  European  staff  would  also  have  to  be  provided,  on  whom  the  success 
of  the  enterprise  would  in  a  great  measure  depend. 

The  attitude  of  the  surrounding  people  at  the  time  of  my  visit  was  quite  friendly 

and  obliging.    But,  owing  to  their  primitive  state,  their  be- 

habiton^s!^'''"  ^^  **'''  *°"     ^^^°^  ^^"^^  probably  depend  to  a  great  extent  on  the  dis- 

position  of,  and  the  orders  or  hints  received  from,  the  Sawbwa. 

The  rocks  in  which  the  coal  occurs  appear,  from  the  presence  of  fossil  resin,  and 
.      ,  thus  by  analogy  with  the  cretaceous  coal  of  Assam,  which 

^^  °  ^  also  contains  a  similar  resinous  substance,  which  is  charac- 

teristic  of  the  cretaceous  coals  of  that  region,  to  be  of  cretaceous  age.i  The  sand- 
stones exposed  lower  down  the  creek  and  in  the  Chindwin  are  of  lower  tertiary,  or 
more  probably  partly  tertiary  and  partly  upper  cretaceous  age ;  but  I  was  unable  to 
see  enough  of  the  country  to  determine  their  age  with  any  degree  of  certainty. 

Opposite  to  Monywa,  at  a  distance  of  about  3  miles  to  the  west  of  the  river,  there 
is  a  hill  formed  of  petrosiliceous  volcanic  rocks.  In  this  hill,'  which  is  known  as  the 
Letpadaung  Taung,  there  are  the  remains  of  a  copper  mine,  which  was  formerly 
worked  by  Oo  Chaung,  the  younger  brother  of  the  Kinwoon  Mingyi.  Whether  he 
ever  obtained  any  large  quantity  of  copper  I  was  unable  to  find  out,  but  I  should 
think  it  very  unlikely  that  the  output  was  at  all  considerable,  as  the  only  traces  of  copper 
now  extant  consist  of  a  few  stains  of  green  carbonate.  The  presence  of  the  volcanic 
rocks  is,  however,  interesting  as  forming  a  further  link  in  the  volcanic  chain  run- 

^  Records,  G.  S.  I.,  XVI,  p.  165. 

'  My  attention  was  called  to  this  locality  by  Mr.  D.  Ross,  Assistant  Commissioner,  Alon 
who  visited  the  spot  with  me. 
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ning  north  through  Narkondam  and  the  extinct  volcano  of  Paopadaung,  visited  many 
years  ago  by  Mr.  W.  T.  Blanford^  who  pointed  out  that  Paopa  was  the  continua- 
tion to  the  north  of  the  great  eastern  line  of  volcanic  outbursts  running  through 
the  Eastern  Archipelago. 

2.— The  Panlaung  Coal  Field.* 

The  Panlaung  river  takes  its  rise  near  Singulbbyin,  and  flows  northwards  by  a 
tortuous  course  till  it  eventually  joins  the  Myitnge  river,  just  before  its  junction  with 
the  Irrawaddy  near  Ava. 

The  Panlaung  coal  field  is  situated  on  the  right  bank  of  the  river,  near   its 

junction  with  the  Myittha  (which  flows  past  Pyinyaung,  the 
^Position  of  the  coal     ^^^  ^^^  ^^^  ^^  Hlaingdet,  on  the  Shan  Hill  road).    On  the 

map  of  Upper  Burma  (i  inch  =16  miles),  second  edition, 

published  by  the  Surveyor-General  of  India,  the  coal  region  is  not  marked  as  such, 

but  it  is  situated  in  the  neighbourhood  of  the  spot  marked  Taungnga  village  (Lat, 

ai°  3'  N.,  Long.  96°  24'  £.),  nearly  opposite  the  village  of  Pachaung  (or  Petkyaung). 

In  the  present  state  of  the  country  it  was  impossible  to  make  more  than  a  very 

-  .,  ...^      -  superficial  examination  of  the  coal,  as  no  supplies  were  obtain- 

Impossibility  of   ex«  ^  '  rr 

ploring  the  coantiy  able  except  from  Hlaingdet,  a  distance  of  30  to  40  miles  by 
thoroughly  in  its  present      road,  and  coolies  were  unwilling  to  visit  that  part    of  the 

country.  The  region  is  very  wild  and  there  are  no  inhabited 
villages,  all  the  inhabitants  having  retired  from  fear  of  dacoits,  who  have  harassed  them 
in  former  years,  to  the  jungles,  where  they  subsist  upon  such  jungle  roots,  fruits,  and 
other  food  as  they  can  procure.  They  were,  however,  at  the  time  of  my  visit,  re- 
covering from  their  state  of  alarm,  as  the  country  is  now  quieter  than  it  has  been  for 
years:  in  some  parts  they  have  sown  paddy;  and  the  Thugyi  of  Minpalaung  or 
Membaloung  told  me  that  he  proposed  shortly  to  rebuild  his  village  and  live  there 
again.  When  the  country  has  settled  down,  it  would  be  possible  to  make  a  closer 
examination  of  the  coal,  though  its  unhealthiness  would  always  make  this  a  difficult 
matter ;  while  at  least  a  whole  working  season  would  be  necessary  for  the  purpose. 
The  coal  is  exposed  in  the  beds  of  the  streams  running  into  the  Panlaung  on 

the  right  bank,  and  in  the  hillsides  to  the  east  of  the  river. 
Various  outcrops  of     j  ^^  ^^^j^  ^^^j^  ^^  ^^j^  ^j^^  ^^^^  accessible  of  the  groups  of 

outcrops,  of  which  the  following  is  a  list : — 

The  Pagamyaungchaung  group. 
The  Mithuiphetkyauk  group. 
The  Ing6ndaung  group. 
The  Thabyetaungdan  group. 
The  Chobinmyaungchaung  group. 
The  Chobinmyaungmachaung  group. 
The  Chakimyaungchaung  group. 
The  Thaikthaw  g^oup. 
The  Kyatthaungdaung  g^oup. 
The  Kyaulimyaungchaung  group. 
The  Ludwin  group. 

^  Journal,  A.  S.  B.»  XXXI,  p.  215.  *  See  map  2. 
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I  travelled  from  Hlaingdet  by  Pyinyaung  and  Taungkubyin  to  Sdngyi,  at  the 

.  junction  of  the  Myittha  and  Panlaung  rivers.    S6ngyi  is 

about  1 5  miles  from  Pyinyaung,  and  the  road,  though  bad, 

is  capable  of  improvement.    From  S6ngyi  I  visited  the  Pagamyaungchaung  and  the 

Mithuichetkyauk.    The  other  localities  I  visited  from  Minpalaung. 

The  Pagamyaungchaung  runs  into  the  Panlaung  river  at  a  distance  of  from  4 

to  5  miles  below  Sdngyi.    In  this  stream,  which  was  nearly 

outSs"^*""^''^*""^     ^^y  ^^  *^^  ^^^  ^  ^*"^^  ^^'  ^^^^^  ^'«  «^^^^^  exposures  of 

coal. 

The  greater  part  of  the  rocks  seen  by  following  the  stream  up  from  its  junction 
with  the  Ps^Iaung  consists  of  granular  limestone,  shales,  and  calcareous  conglomer- 
ates : — 

7.1 — About  i^  miles  up  the  stream  bed  the  first  signs  of  coal  are  seen  in  the  form 
of  abed  of  dark  shales,  dipping  to  the  S.  W.  at  75**,  and  containing  a  2-ft  thick 
pocket  of  glistening  and  much  fractured  ^oal,  which  thins  out  in  a  distance  of  2 
feet  to  a  thickness  of  4  inches. 

//. — One  hundred  yards  further  up  the  stream,  here  flowing  from  N.  to  S.,  is 
another  bed  of  shales,  with  coal  dipping  to  S.  W.  at  60°;  the  following  section  being 
exposed : — 


1 .  Granular  limestone  (thickness  not  seen) 

2.  Coal       .••.•. 

3.  Carbonaceous  shale 

5.  Red  and  white  shale         •         • 

6.  Limestone  (not  gone  through) 


Ft.  In. 

•  t  •  ... 

a  o 

9  o 

a  o 

3  o 


Total        .     16       o 
(Coal  4  ft.) 

The  coal  has  a  greasy  feel,  and  readily  breaks  up  into  small  fragments,  being 
traversed  by  irregular  lines  of  fracture  throughout  the  mass,  but  some  of  it  would 
make  a  good  fuel. 

Some  of  the  shales  contain  obscure  and  indistinct  plant  impressions. 

Further  up  the  stream  there  are  several  more  smaller  seams  exposed  in  the  same 
manner,  but  none  exceeding  2  feet  in  thickness,  and  all  with  the  same  high  dip  and 
unsatisfactory  appearance. 

The  Mithuichetkyauk  locality  is  on  a  hill  about  three  miles  from  S6ngyi,  on 

the  road  to  Singulbbyin.    The  hill  overlooks  the  Panlaung 
Mithuichetkyauk  out-     ^        ^^^  .^  ^^  ^^^  j^^^  ^^  ^^^  y^^^  ^^^  therefore  in  British 
crops* 

territory. 

There  are  here  six  exposures  displayed  on  the  hillsides,  and  remains  of  the  old 

lirorkings  are  to  be  seen. 

^The  Roman  numerals  refer  to  the  Table  of  Outcrops  (see  page  187). 
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///. — In  the  first  exposure  the  section  seen  is  as  follows,  the  dip  being  to  S.  W. 
at  72° : 


Section  (a). 

1.  Sandstone  (total  thickness  not  seen) 

2.  Dark  shale 

3.  Coal        .         •         •         •         • 

4.  Shale      •••••• 

5.  Carbonaceous  shale 


(Coal  I  ft.  6  in.) 


Total 


Ft       In. 


>.»      ••• 


1  6 

2  o 
4        o 


Signs  of  this  coal  are  seen  in  two  places  along  the  strike,  and  icx)  feet  in  the  same 
direction  we  have  the  following  section : — 


Section  (6). 

I.  Sandstone  (thickness  not  seen)  • 

2«  Shale  (red  and  white,  and  much  foliated) 

3.  Coal       •••••• 

4.  Muddy,  clayey  shale         •         • 

5.  Coal 

6.  Red  shale  (bottom  not  seen)    . 


Ft.  la. 

•••  ••• 

4  o 

I  6 

0  3 

1  9 

•  t*  ••• 


Total 


(Coal  3  ft.) 


This  being  in  the  direction  of  the  strike,  probably  represents  to  some  extent  the 
section  (a). 

Two  hundred  feet  to  the  dip  two  more  exposures  of  coal  are  seen,  one  only 
6  inches  in  thickness  and  the  other  but  little  better.  The  following  section  can 
be  made  out  at  the  second  exposure : — 

Ft        In. 

I.  Shale  containing  ferruginous  nodules         .         

(whole  thickness  not  seen), 
a.  Coal .04 

3.  Dark  shale ••30 

4.  Coal       •••••••..10 

5.  Red  and  white  clayey  shale  (whole  thickness  not  seen) 


.• •      •• ■ 


Total 


(Coal  I  ft.  4  in.) 

In  No.  4  the  coal  thins  out,  in  a  distance  of  2  feet,  to  a  mere  string,  but  again  in- 
creases in  thickness  to  2  inches  further  on. 

The  Ingondaung  hill  is  near  Minpalaung,   about  3  miles  in  a  south-westerly 
-        ,  ,  direction.    The  path  from  Minpalaung  crosses  the  Chuada- 

Ineondaune  outcrops.  ,      ^r      n  ^1 

myaung  (or  Ye-e)  Chaung. 
IV, — On  the  side  of  the  hill  towards  Minpalaung  (N.  E.)  eight  inches  of  coal 
are  to  be  seen.    The  ground  has  fallen  in  and  concealed  the  section  to  a  great 
extent,  but  the  dip  is  to  S.70°W.  at  70",  and  there  is  a  red  clay  both  above  and 
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below  the  coal,  the  upper  clay  being  somewhat  shaly.    This  coal  is  said  to  be  2\ 

cubits  thick  at  a  depth  of  5  cubits. 

V. — ^A  few  yards  further  up  the  hill,  f.^.,  to  S.  W.,  there  is  another  seam  dipping 
S.  W.  at  40^  and  only  i  foot  6  inches  in  thickness ;  this  is  also  said  to  increase  in 
thickness  lower  down,  but  the  thickness  is  probably  to  a  great  extent  made  up  of 
dark  shale.  Below  the  coal  there  is  a  brownish  shale  containing  fragmentary  plant 
remains,  while  above  the  coal  is  a  white  clay,  spotted  with  red. 

VI. — A  short  distance  round  the  hill,  towards  the  S.  E.  from  outcrop  No.  V, 
there  is  a  perpendicular  band  of  silicified  sandstone,  varying  in  thickness  from  2  to  4 
inches  and  running  N.  W.  to  S.'  £.  Against  this,  on  the  N.  £.  side,  is  a  soft  sand- 
stone, while  against  the  S.  W.  face  is  the  coal. 

The  coal  is  perpendicular,  with  the  same  strike  as  the  band  of  silicified  sand- 
stone. The  section  is  exposed  in  two  places,  15  feet  apart;  in  one  of  the  two  places 
only  a  portion  of  the  section  can  be  seen,  as  the  bank  has  fallen  in  and  concealed 
the  remainder,  but  the  siliceous  band  and  finely  jointed  shales  give  points  from 
which  they  can  be  compared. 

SeeHons, 
I.  Finely  and  irregularly  jointed  dark  grey  shales,  common  to  both  (a)  and  (5). 


( 


1.  Brown  clay         •         .  o 

2.  Coal            .         .         .  o 

3.  Clay,  with  coaly  matter  o 

4.  Coal            •         .          .0 
8^5.  Clay,  with  coaly  matter  o 

6.  Concealed ;  said  to  con- 
sist of  coal        .         .  5 


In.  \ 

I 

3 
5 
S 
7 


W 


t 

J 


1.  Coal 

2.  Coaly  matter 

3.  Coal 


Ft. 
I 
o 
o 


In.  \ 

6 
I 

3 


Total 


Total 


10 


/ 


3  Band  of  siliceous  sandstone  common  to  both  (a)  and  (6). 

Here  we  have  evidence  of  the  extreme  irregularity  of  these  beds,  for  what  is  in 
one  place  7  feet,  with  8  inches  (or  5  feet  ii  inches  according  to  report)  of  coal,  is 
reduced,  at  a  distance  of  15  feet,  to  i  foot  10  inches,  with  i  foot  9  inches  of  coal. 

The  coal  is  also  much  broken  and  very  finely  jointed. 

yjj^ — About  quarter  mile  to  S.  E.  of  outcrop  No.  VI  there  is  another  outcrop 
striking  north-south,  and  also  perpendicular  at  the  eastern  end  of  the  section,  while 
at  the  western  end  the  dip  is  to  S.  W.  at  80° : — 


Section,, 


Ft.      In. 


W.  I.  Shale,  finely  jointed,  black  (thickness  not  seen) 

... 

•  •  • 

2.  Coal           ........ 

I 

6 

3.  Shale  (same  as  No.  i) 

5 

0 

4.  Coal           ..•••... 

0 

.  6 

5.  Shale  (same  as  Nos.  i  and  3)       .         •         •         • 

I 

0 

E.   6.  Coal  (much  crushed) 

0 

6 

Total 


8 


(Coal  3  ft.) 
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This  coal  is  said  to  bam  like  oak,  while  the  others  bum  Hke  jungle-wood.  This 
section  is  a  good  example  of  the  extremely  disturbed  condition  of  the  beds,  for  we 
have  a  difference  of  45^  in  the  direction,  and  of  10°  in  the  amount  of  dip,  in  a  thick- 
ness of  8  feet  6  inches. 

VIII. — ^About  one  mile  from  No.  VII,  on  a  portion  of  the  hill  known  as  the  Tha- 

byetaungdan,  there  is  an  outcrop  containing  7  feet  6  inches 
^abyetaungdan  out-     ^^  ^^^  ^^  ^^^  thickest  portion  and  divided  into  two  layers  by 

5  feet  of  clay  and  shale.    The  dip  is  here  60°  to  W.  2o°N. 


crops. 


Section, 


Ft.       In. 


1.  Surface  soil     ,         • 

2.  Coal       .         .         • 

3.  Red  and  white  clay  < 

4.  Usual  jointed  shale 

5.  Coal       .  • 

6*  Shale  (not  gone  through) 


Total 


a 
a 

3 


o 
o 
o 
6 


12 


(Coal  7  ft  6  in.) 

This  seam  is  seen  again  a  few  yards  along  the  strike  to  N.20^.,  but  here  only  4 
feet  of  coal  are  to  be  seen.  This  coal  is  of  the  same  quality  as  the  rest,  and  there 
appears  to  be  the  same  irregularity  of  thickness ;  and,  although  the  dip  at  this  point 
is  not  so  high  as  in  other  parts,  no  reliance  can  be  placed  on  this  where  there  is  so 
much  disturbance  among  the  rocks.  In  the  immediate  neighbourhood  there  are 
signs  of  numerous  small  excavations  where  the  coal  was  formerly  dug. 

This  is,  however,  the  most  promising  of  all  the  outcrops  I  saw ;  and  it  is  here,  if 
anywhere,  that  I  should  recommend  explorations  to  be  carried  out,  though  I  very 
much  doubt  their  being  successful.  Owing  to  the  high  dip,  60®,  it  would  be  neces- 
sary to  explore  by  driving  an  inclined  shaft  in  the  coal  which  would  show  whether  it 
remains  constant  in  thickness  and  quality. 

IX. — Close  to  No.  VIIL  there  is  another  locality,  which  is  chiefly  interesting  on 
account  of  the  occurrence  of  fairly  perfect  fossil  plant  remains,  which  appear  to  be 
of  tertiary  age.    This  was  the  only  place  in  which  I  found  fossils  in  an}'thing  but  a 
very  fragmentary  condition :  they  occur  in  a  bed  of  clayey  shale  on  the  south  side  o 
the  coal,  which  is  here  again  perpendicular. 


Section, 


1.  Clayey  shale 

2.  Coal        • 

3.  Shale      • 
4*  Coal 

5.  Earthy  shale 

6.  Coal        « 

7.  Shale     • 


8.  Inferior  shaly  coal   .         .         • 

9.  Shale  (total  thickness  not  seen) 


Ft.i« 

4 
o 

o 

2 

o 

I 

o 

I 


In. 
o 

2 
2 
O 

2 
O 

6 
o 


Total 


(Coal  3  feet  2  inches.) 
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Another  outcrop  containing  coal  occurs  on  the  Thabjetanngdan/  but  it  is  very 
intimately  mixed  with  a  clayey  shale,  there  being  abont  6  feet  of  coal  and  clayey 
shale  in  alternating  bands  of  about  6  inches  in  each. 

There  are  said  to  be  many  other  outcrops  of  coal  on  the  Thabyetaungdan,  but 
they  are  probably  inferior  to  those  I  saw,  which  were  the  ones  formerly  worked,  for 
which  purpose  the  thickest  seams  would  naturally  be  selected. 

X.  In  the  Chobinmyaungchaung,  which  is  a  small  stream 
ou^ro^.'"^""^*'^*''"^     running  into  the  Panlaung  river,  the  following  section  is 

seen : — 


Ft. 

In. 

I.  Coal   .         . 

I 

6      Dip  S.4o'*W.  90 

S.  Shale,  containing  a  pocket  of  coal  6  feet 

long  by  6  inches  thick  •        •  - 

3 

0 

3.  Nodular  femiginoas  clay 

0 

3 

4.  Shale          •         •         •         . 

•        0 

3 

5.  Coal 

I 

0 

6.  Dark,  jointed  shale       •         « 

a 

2 

7.  Hardened  clay  band     . 

1               a 

8 

8.  Dark  shale  (same  as  No.  6)   . 

I 

4 

9.  Hardened  day  band     •         , 

0 

I  to  2  inches. 

la  Shale  (same  as  No.  6) 

.       S 

0 

II.  Clay  band  (same  as  No.  7)    , 

I 

6 

12.  Shale  (same  as  No.  6)           < 

8 

0 

13.  Clay  band  (same  as  No.  7)     , 

0 

5         . 

I4«  Shale  (same  as  No.  6) 

4 

0 

15.  Coal   

•          3 

0 

16.  Shale  (same  as  No.  6) 

3 

0 

17,  Clay  band  (same  as  No.  7)    . 

0 

4 

18.  Shale  containing  four  hard  bands 

.        8 

0 

19.  Shale,  with  streaks  of  coaly  matter 

I 

0 

20.  Shale  (same  as  No.  6) 

3 

0 

31.  Clay  band  (same  as  No.  7)     . 

2 

0 

22.  Light  coloured  sandy  shale             • 

3 

6 

23.  Hard  clay  band  (same  as  No.  7)     . 

la 

0    Dip,  S.  30°  W.  90' 

Total 

.      66 

0 

(Coal  4  feet  6  inches.) 


The  direction  of  the  strike  here  alters  10°  in  a  thickness  of  66  feet.  There  is 
only  a  total  thiokness  of  coal  of  4-ft.  6-in.  in  three  bands.  The  continuation  of  the 
section  was  formerly  exposed  lower  down  the  stream  and  coal  worked  there,  but 
the  bank  has  now  fallen  in  and  concealed  the  exposure. 

XI. — In  the  Chobinmyaungmachaung,  a  small  stream  which  runs  into  the 
Chobinmyaungchaung,  there  is  a  mass  of  the  usual  jointed  black  shales  containing 
several  pockets  of  very  shaly  coal  of  no  great  size.    The  dip  is  here  to  S.  65°  W.  at 

50°. 

At  distance  of  one  to  one-and-a-half  miles  from  Minpalaung,  in  a  wes- 
terly to  north-westerly  direction,  is  a  small  stream  called 
the  Chakimyaungchaung,  in  which  some  coal  (XII)  is 
exposed. 


Chakimyaung 
crops. 


out- 
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The  coal  is  inferior  in  appearance  and  only  2-ft.  in  tliickness.    The  dip  is  to 
S.  W.  at  75°  :— 


Section, 


1.  Clayey  jointed  shale 

2.  Inferior  laminated  coal 

3.  Laminated  shale 

4.  Jointed  brown  shale 

5.  Coalv  shale    . 


Over 

Ft. 

10 

In. 
0 

2 

0 

I 

0 

2 

0 

few  feet  seen) 

Total 

0 

5 

••• 

15 

5 

Thaikthaw  outcrop. 


(Coal  2  feet.) 
At  Thaikthaw  there  used  to  be  an  exposure    of   coal    which   was    worked, 

•but  the  bank  has  fallen  in  and  concealed  it.    The  shale 
just  here  contains  nodules  of  iron  pyrites  which  are  used 
for  the  manufacture  of  sulphur. 

XIII. — A  few  yards  further  up  the  stream  than  the  old  workings  a  small  section 
containing  coal  is  seen : — 


1.  Coal 

2.  Black,  jointed  shales 

3.  Coal 


Ft. 
I 

4 
I 


la. 
O 
O 
O 


Total 

(Coal  2  feet.) 

Above  and  below  this  section  is  the  usual  black,  jointed  shale.  The  beds  are  here 
perpendicular  and  strike  S.  20*^  E.,  but  20  yards  to  the  east  the  finely  jointed  shales 
are  seen  dipping  to  S.  70°,  W.  at  60°.  At  a  distance  of  icx>  yards  to  the  north-west 
of  this  point,  in  the  jungle,  there  is  an  outcrop  of  6  inches  of  coal  smut. 

XIV.    In  a  stream  on  the  Kyatthaungdaung  there  is  a  small  outcrop  of  coal 

which  is  only  2-ft.  thick,  and  very  much  broken  and  irregu- 

crops**'''*""^'^"°^°"''     ^^^^y  laminated.    It  lies  between  bands  of  shale,  and  the 

dip  is  to  N.  W.  at  30®. 
Just  above  this,  in  the  same  stream,  there  is  a  well  exposed  section  ( A'F),  with  a 
dip  to  W.  of  26°  :— 


1.  Shale ;  top  not  seen  •     •    •     •         •         •         • 

2.  Pocket  of  coal  in  shale  •         •         •         . 

3.  Shale  with^ strings  and  small  pockets  of  coal 

4.  Pocket  of  coal,  thinning  out  in  a  short  distance 
^.  Shale,  blatik,  jointed       .     '    .     '    .         •         • 

6.  Hardened  clay  band        .         .         .         •         « 

7.  Much  contorted  coal       .         .  .  . 

8.  Shale,  containing  a  few  strings  of  coaly  matter 

9.  Much  disturbed  coal        .  .         .  . 

10.  Much    contorted    band   of  shale,    containing 

strings  of  coaly  matter         .         •         .         • 

1 1.  Finely  laminated  and  jointed  shale  .         . 

12.  Band  of  bright  coal  (thins  out  rapidly) 

13.  Black  shale  (same  as  No.  11)  • 

14.  Band  of  ferruginous  hard  clay  .         .         , 

Total 
(Coal  9  feet  11  inches.) 


Ft.       In. 


2 

II 

O 

3 
o 

2 

20 

4 

6 

a 
I 

3 

2 


o 
o 

5 
o 

4 
o 

o 

o 

o 
o 
6 
o 
o 


57 


••• 


4 

o 

a 

o 

1 

o 

ao 

o 

a 

o 

••• 

•  •• 

31 

o 
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The  total  thickness  of  the  coal  seen  here  is  9  feet  11  inches,  bat  3  feet  11  iocbea 
of  this  is  in  the  form  of  evanescent  bands  or  pockets,  while  the  remaining  6  feet  is 
divided  into  two  portions  of  2  feet  and  4  feet  respectively,  separated  by  20  feet  of 
shale,  besides  which  the  coal  is  much  crushed  and  contorted. 

XVI. — A  few  yards  to  the  N.W.  of  No.  XV i%  another  section  containing  coal, 
with  a  dip  to  S.W.  of  70°— 

n.      In. 

I.  Much  contorted  black  shale  (thickness  not  seen)        

a.  Much  contorted  eoal  a        o 

Here  a  small  fault  runs  across  the  section  from  N.  to  S« 

3.  Grey,  slightly  ferruginous  shale        •         •         •         • 

4.  Coal  laminated  and  contorted  •         •         •         • 

5.  Ferruginous,  hard,  clayey  shale        •         .         •         • 

6.  Black,  jointed  shale        ...... 

7.  CoiU  Over 

Remainder  concealed 

ToTAt         • 
(Coal  over  4  feet.) 

These  two  sections  give  another  example  of  the  extremely  disturbed  condition 
of  the  beds,  for  we  have  them  at  two  spots,  less  than  50  yards  apart,  dipping  to 
S.W.  at  jc?  and  to  W.  at  26°,  and  the  beds  are  seen  in  the  section  to  be  greatly 
disturbed  and  contorted. 

Two  hundred  yards  to  the  north  of  this  last  section,  a  small  outcrop  of  coal  19 
badly  exposed,  and  a  quarter  of  a  mile  to  S.W.  of  this,  another  section  {XVII)  is 
seen,  though  it  is  badly  exposed,  in  the  bank  of  the  stream.  The  uppermost  30 
feet  are  concealed  by  the  bank  having  fallen,  but  there  is  apparently  a  small  amount 
of  coal  there,  and  some  shale  can  be  seen :  below  this  some  more^coal  can  be  seen. 
The  dip  is  60°  to  S.  W.— 

Section, 

1.  Concealed:  probably  shale  •         •        « 

2.  Much  icontorted  and  irregularly  bedded  carbona- 

ceous shale  •«..•• 

3.  Coal  

The  exposure  continues  with  the  same  dip  for  about  50  yards  down  stream,  and 
then  a  small  pocket  of  coal  is  seen  in  the  carbonaceous  shale. 

XVIIL — In  the  Kyaulimyaungchaung  there  is  a  small  seam  of  coal  dipping 

60°  to  E.  between  beds  of  yellow  shale.    The  coal  is  very 
Kyaulimyaung     out-     ^^^^^^  ^^^  irregularly  fractured, 
crops. 

The  last  locality  I  saw  is  situated  to  the  north  of  Minpalaung  and  is  known  as 

the  Ludwin.     Coal  is  said  to  have  been  formerly  worked 
Ludwin  outcrop.        ^^^^  j^  ^  perpendicular  seam,  but  the  hole  is  now  filled  up, 

and  all  I  was  able  to  see  was  a  perpendicular  bed  of  dark  shales. 


Ft. 

In. 

30 

0 

4 

0 

I 

6 
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Coal  is  said  to  have  been  extracted  at  all  these  localities  in  King  Minddn's 
^^, .         .        ,    ,      time,  and  sent  down  to  the  Irrawaddy  for  use  at  the  Sagaing 

iron  works.  The  works  were  all  surface  quarries,  and 
one  or  more  men  worked  at  each  exposure  of  coal,  receiving  R8  for  each  100 
baskets  dug  out.  The  coal  cost  another  R16  to  transport  to  the  Irrawaddy;  on 
pack-bullocks  as  far  as  the  Panlaung,  and  the  rest  of  the  distance  on  bamboo 
rafts.  The  price  realized,  when  sold  to  outsiders  on  the  Irrawaddy,  is  said  to  have 
been  Ri  per  basket. 

I  did  not  see  a  single  seam  which  held  out  any  real  prospect  of  being  work- 
able.   The  seams  are  exceedingly  irregular ;  that  is  to  say, 

fag^Uie  "cS^profitawJ^^^     ^^^  ^^^  "^^  ^^  ^  depended  upon  to  extend  to  any  distance. 

A  large  proportion  of  the  coal  consists  of  mere  pockets ;  and 
even  where  this  is  not  immediately  evident,  and  they  can  be  traced  for  any  distance, 
they  are  found  either  to  thin  out  altogether  or  to  decrease  considerably  in  thickness. 

Another  point  which  is  greatly  against  the  coal  is  the  very  large  amount  of  dis- 
turbance to  which  the  strata  have  been  subjected.  The  beds  have  been  tilted  up 
at  very  high  angles  and  are  often  perpendicular.  There  must  be  a  considerable 
amount  of  faulting  associated  with  the  extreme  contortion  which  the  beds  have 
undergone,  and  the  coal  has  been  in  many  places  so  much  crushed  as  to  make 
it  impossible  to  extract  any  but  the  smallest  fragments. 

The  accompanying  table  (Table  I)  shows  the  variety  and  high  inclination  of  dips 
over  the  area  which  I  visited.^ 

It  will  be  seen  that,  even  omitting  the  exceptional  cases,  A/Fand  XVIII ^  the 
direction  of  dip  varies  from  S.  to  W.,  and  the  angle  from  26^  to  90^  It  will  be 
readily  imagined  what  a  deleterious  effect  the  crushing  following  on  these  move- 
ments must  have  had  upon  the  quality  of  the  coal  as  regards  its  capacity  for  being 
extracted  in  suitable  lumps.  Even  if  the  coal  were  uninjured,  the  high  angles  of 
the  dips,  and  their  great  irregularity,  as  pointed  out  in  several  cases  above,  would 
preclude  all  possibility  of  working  it  at  a  profit. 

As  far  as  I  saw,  the  only  place  where  there  is  any  reasonable  chance  of  the  coal 
being  workable,  is  at  the  section  (No.  VIII)  on  the  Thabyetaungdan ;  and  if  nothing 
better  should  be  found  further  north,  where  there  is  said  to  be  more  coal,  it  might 
be  worth  the  while  of  Government  to  explore  this  seam,  as  advised  above. 

The  coal  occurs  over  an  area  of  150  to  200  square  miles,  and  within  the 

limits  of  each  group  of  outcrops  the  seams  are  thickly 

coS'Scurs!^  '^^'^^  ^"^^     distributed,  though  they  never  attain  any  large  size  without 

a  large  proportion  of  shale  partings,  and  frequently  thin 
out  within  a  short  distance. 
It  appears  to  be  of  tertiary  age,  and  there  can  be  little  doubt  that  explorations 

would  reveal  more  completely  the  irregular  and  variable 

ge  o     e  CO   .        characters  so  well  known  in  the  tertiary  coals,  and  which 

have  been  so  well  exemplified  at  Thayetmyo.    At  Thayetmyo  the  position  of  the 

'  In  order  to  avoid  confusion  by  introducing  the  strike  of  the  beds,  I  have  preferred,  In 
cases  where  the  beds  are  perpendicular,  to  consider  them  as  dipping  90°  in  the  direction  at 
right  angles  to  the  strike  nearest  approximating  to  the  average  direction  of  dip  of  the  dbtrict 
(=  about  S.  66^  W.). 
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coal  formed  an  inducement  for  endeavoaring  to  work  it ;  bat  here  on  the  Panlanng 
the  difficulties  of  transport  would  be  so  great  that,  unless  an  exceptionallf  good 
seam  were  discovered,  it  would  be  cheaper  to  obtain  coal  for  the  railway  from 
Rangoon. 

The  results  of  assays  of  the  coal  carried  out  in  the  Geological  Survey  labora^ 

lory  by  Mr.  T.  R.  Blyth  are  very  satisfactory,  the  ash  being 
assays.  ,^  ^^^^  C3ist&  very  low.    A  remarkable  feature  about  these 

coals  is  the  low  percentage  of  volatile  matter,  which  is  due  to  the  great  disturbance 
which  the  coal  has  undergone.  This  would  influence  the  burning  of  the  coal  to 
great  extent  by  reducing  the  amount  of  flame,  and  it  would  therefore  be  unfitted 
for  furnaces,  in  which  much  flame  is  required. 

The  table  of  assays  will  be  found  below. 

I  believe  that  the  only  means  by  which  it  would  be  possible  to  work  the  coal 
o  1      n      racticable     ^^^^^  ^^  ^^^^  ^sed  when  it  was  formerly  worked.    Then 
method  of  working  the     each  outcrop  was  quarried  by  one  or  more  workmen,  and 
^<^'  the  resulting  fuel  collected  at  various  points  for  shipment 

upon  rafts.  The  irregularity,  uncertain  thickness,  and  high  dip  of  the  seams  would 
preclude  the  possibility  of  working  by  the  ordinary  methods  of  coal-mining. 

As  regards  means  of  transit,  I  was  unfortunately  unable  to  obtain  the  help  of 

Mr.  Bagley  to  go  over  the  ground,  as  he  was  unable  to  leave 
Means  of  transit.  ^^^^  ^^^^  ^^  ^^^  ^^^^^  ^^^  ^  imagine  that  it  would  be  a  very 

expensive  undertaking  to  make  a  tram-line  up  to  the  coal-field  from  any  point  on  the 
Toungoo-Mandalay  Railway  south  of  Kyauksb.  At  least  20  miles  would  have  to  be 
laid  even  if  it  could  be  done  in  a  straight  line,  which  would  be  impracticable  on  ac- 
count of  the  hills  to  be  crossed ;  and  by  no  amount  of  deviation  would  it  be  possible 
to  avoid  the  hilly  ground  altogether. 

Though  I  have  not  seen  the  country  to  the  north,  I  am  inclined  to  think  that  the 
best  line  would  be  -from  the  neighbourhood  of  Kyauksb  up  the  valley  of  the  Pan- 
laung,  though  this  would  probably  present  such  engineering  difficulties  as  to  make  the 
line  very  expensive,  and  the  portions  of  the  coal-field  which  I  have  explored  are  not 

worth  it. 

At  present  the  labour  at  hand  is  scarce,  and  would  have  to  be  imported  from 

Hlaingdet  or  the  direction  of  Nyaungywe.    The  disposition 
Labour  a    an  .  ^^  ^^^j^  ^^  ^^^  people  as  I  saw  was  decidedly  friendly,  but 

they  were  very  timid,  and  I  doubt  whether  I  should  have  seen  any  of  them  if  Manng 
Sein  B6n,  who  was  in  charge  of  the  coal  workings  in  King  Mindon's  time,  and  whom 
they  knew  well,  had  not  been  with  me. 

The  coal  is  almost  all  in  Ywangan  territory,  and,  as  I  do  not  know  what  the 

relations  of  Government  are  with  the  ruler  of  Ywangan,  I  am 
Coal     in     Ywangan      enable  to  give  any  opinion  as  to  his  claims  or  rights.     It 
^^'  would  not  be  worth  while  for  Government  to  work  the  coal 

at  present,  "and  I  doubt  whether  any  outside  parties  would  care  to  take  the  matter 
up.  But  after  a  few  years,  when  the  country  is  settled,  the  whole  coal-field  should 
be  examined,  and  any  scams,  such  as  the  one  on  the  Thabyetaungdan  (No.  VllI)^ 
which  give  any  hopes  of  successful  working,  should  be  further  explored. 
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Table  l.-^^Aowing  the  chief  Outcrops  referred  to. 


N«. 


I 
II 

III 


IV 
V 

VI 


LOCAUiT. 


Pagamyaangchaung 
Ditto 


Mithatchetkyaak    . 


VII 


VIII 


IX 

X 

Xa 

XI 

XII 

XIII 

XIV 

XV 


IngAndaang    . 
Ditto 
Ditto 


Ditto 


Bast  end  . 
West  end . 


Thabjretaungdan     . 


Ditto 
Chobinmyattngcbaung     . 

Ditto        ditto    . 
Cliobinniyaangmachaang 
Chakimyaangcliaang 
Tbaikthaw     .         •         • 
Kyatthaungdaung  • 

Ditto 


Direction  of 
dip. 


S.  45*'  W. 
S.  45**  W. 

S.  45*  W. 


XVI 


XVII 


XVIII 


Ditto 


•         • 


Near  Kyatthaungdaung  • 


Kymulimyaangchaung 


S.70*»W. 
S.  45**  W. 

S.  At  w. 

S. 
S.  4i"  W. 

W.  20**  N. 


Angle  of 
dip. 


S. 
S.  40**  W. 
S.  30°  W. 
S.  65^  W. 

S.  45"*  W. 
S.  70^  W. 
W.  At  N. 

W. 


S.  4^  W. 


S.  At  W. 


E. 


75' 
60" 


72^ 


Thickness 
of  coal. 


RlMARKt. 


70- 
40° 
90° 


90° 

80° 

6o' 


} 


90° 

90^3 
SO** 

90** 
6o« 

96» 


70' 


60' 


60*" 


Ft.  In. 

2  o 
4    o 

3  3 


0  8 

1  6 
6    o 


3    o 


7    6 


4    a 
4    6 


2  o 
2  o 
2    o 

9  " 


6    o 
I    6 


A  mere  pocket  of  coal. 

There  is  a  9-ft.  parting  of  shale 
between  the  two  layers  of 
coal,  making  up  this  4  feet. 

This  thins  down  in  a  short  dis- 
tance to  I  foot  6  inches,  and 
there  are  two  other  layers  of 
coal  near,  i  foot  4  inches,  and 
6  inches  respectively. 


It  is  doubtful  whether  this  coal 
is  really  as  thick,  and  15  feet 
off,  it  IS  only  1  foot  9  inches. 


Much  crushed  and  in  three 
layers,  separated  by  6  feet  of 
shale  partings. 

In  two  layers  of  2  feet  and  5 
feet  6  inches,  separated  by 
shale  and  clay.  (This  is  the 
most  hopeful  locality  I  saw.) 

With  shale  partings.  The 
lowest  I  foot  is  very  inferior. 

Opposite  ends  of  the  same  sec- 
tion. 

Pockets  of  shaly  coal. 

Very  inferior. 

With  a  4-ft.  parting  of  shale 

Twenty  yards  to  east  of  XIII, 
irregularly  laminated. 

2  feet  5  inches  and  i  foot  6 
inches  consist  of  pockets  of 
coal,  the  remainder,  4  feet  and 
2  feet,  is  much  disturbed. 

Thb  is  much  disturbed,  and 
there  is  a  fault  in  the  section. 

There  is,  in  addition  to  this,  a 
small  pocket  lower  down  the 
stream. 

Covered  by  yellow  clay. 
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Table  II. — Results  of  Assays  of  some  Coals  from  the  Panlaung  Coal-field. 


. 

1 

11 

1^ 

1 

1 

■  Sr 

4$ 

" 

|i 

tl 

III 

XIV 

VI 

VUl 

X(.) 

X(5) 

x(.s) 

Moisture      . 

.•36 

'S'46 

3-82 

31 S 

a'po 

3'''4 

4'S« 

a-aa 

Volatile      matter, 

14-33 

aS-48 

1113 

1883 

9'.8 

1493 

3<^78 

ri6 

exclusive    oE 

moisture. 

Fixed  »rbon       . 

7880 

50*94 

6316 

7600 

73-03 

63-18 

63-38 

60100 

Aah 

J- S3 

512 

2390 

300 

14-90 

1986 

3-34 

ao-rf 

Total       . 

,<.«, 

,„,» 

lOOOO 

,„„, 

,„.„ 

.00-00 

loo'oo 

IWOO 

^ 

11 

Pi 

i 

II 

1.1 

11 

li 

ft 

1-^ 

m%-^ 

"r 

a^ 

"i 

Q4: 

6    < 

5 

3._Two  Coal  Localities  in  the  Shan  Hills.' 
L^gaung  near  SinguUbyin, — I  was  informed  of  the  occurrence  of  this  coal 

by  the  Ldnpan  Thugyi,  who  accompanied  me  from  Singu  to  the  place  where  the 

coal  \?  to  be  seen.    Ltgaung  is  a  small  village,  about  4  miles  from  Singu  in  a 

southerly  direction. 

Close  to  the  village  of  L^gaung,  on  the  road  to  Kyat  Saltan,  coal  is  seen  in 

two  places.    In  the  first  very  little  is  visible,  but  it  had  been  exposed  by  digging, 

and  X  was  able  to  make  out  the  following  section  : — 

Ft.       In. 

1.  Surface  soil         ... 
3.  Coal  smut  . 

3.  Brown  day 

4.  Coal  amut 
J.  BrowD  clay  .  , 

6.  Coal  smut 

7.  White  clay 

8.  Powdery  coal 

9.  Wbite  clay ;  not  gone  throug 
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A  few  3rar(ls  farther  on,  3  feet  of  very  powdery  coal  is  seen  topped  by  surface 
clay  and  dipping  to  W.  at  40^  It  does  not  look  at  all  promising,  nor  does  there 
seem  to  be  any  chance  of  its  improving  to  the  deep.  From  the  rocks  occurring  in 
the  neighbourhood  it  would  seem  that  this  coal  is  like  that  of  the  Panlaung  of 
tertiary  age. 

At  about  one  mile  from  Lbgaung  is  the  deserted  village  of  Titpalwiywa,  close 
to  which,  in  a  small,  dry  water-course,  is  a  coal  locality  known  as  Titpalwigdn. 
Here  there  are  i\  feet  of  fair  coal  between  beds  of  dark  grey  shale ;  about  3  feet 
below  the  i|  feet  of  coal  is  another  foot,  but  it  is  not  well  seen.  No  other  coal  is 
seen  in  the  immediate  neighbourhood,  and  there  is  no  prospect  of  this  being 
workable.    This  is  also  tertiary  coal. 

NgUy  near  Pwehla. — ^This  coal  was  brought  to  my  notice  by  Maung  Sein 
Bdn  on  my  return  from  Fort  Stedman,  and  is  situated  about  7  to  9  miles  north-west 
of  Pwehla  on  a  hill  lying  about  a  quarter  of  a  mile  from  the  village  of  Ngn. 

The  coal  is  found  in  three  places  on  the  hill.  In  the  first  it  is  11  feet  thick  and 
dips  to  the  west  at  70^;  it  rests  on  clayey  shale,  and  contains  a  great  deal  of  clayey 
matter  and  is  very  soft.  It  also  contains  a  large  quantity  of  iron  pyrites,  which  is 
picked  out  for  use  in  the  manufacture  of  sulphur.  In  the  second  exposure,  which 
appears  to  be  a  part  of  the  same  seam,  the  coal  is  perpendicular  and,  at  the  level  of 
the  water  in  the  stream  in  which  it  is  exposed,  is  7  feet  thick,  but  20  feet  above,  it  is 
only  4  feet  thick.  This  is  also  very  clayey,  though  it  contains  no  pyrites,  and  it 
occurs  between  bands  of  hard  silicified  sandstone.  The  third  spot,  which  I  did  not 
visit,  is  higher  up  the  hill,  and  the  coal  there  is  said  to  be  inferior  to  that  in  the 
other  two  localities,  though  it  is  more  valued  on  account  of  its  containing  a  larger 
proportion  of  pyrites.  This  is  also  of  tertiary  age,  though  it  can  hardly  be  called  coal, 
being  rather  a  carbonaceous  shale,  as  may  be  seen  by  an  inspection  of  the  results  of 
assays  bj  Mr.  T.  R.  Blyth,  a  table  of  which  is  appended— 


Nou  CoAt-riiLD. 

LlOAUNO  CoAL-riILD, 

Prom  perpend  icu. 
lar  outcrop,  Ngu. 

Ngn,  ii-ft.  feam. 

TitpalwigAn,  near 
L^gaang. 

L^gaung. 

Moisture      .         .         .         • 
Other  volatile  matter    • 
Fixed  carbon       .         . 
Ash 

3*08 

4'00 

4-62 

8830 

274 

6-48 

1714 

7364 

2'02 
1294 

7254 
12-50 

214 
I2'06 

68*32 
1748 

Total 

1 00*00 

100*00 

100*00 

1 00  00 

Does  not  cake. 
Ash,  very  light 

grey- 

Does  not  cake. 

Ash,  very  light 

brownish  grey. 

Does  not  cake. 
Ash,  reddish 

Does  not  cake. 
Ash,  reddish 
grey. 

D  2 
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From  these  assays  it  is  evident  that  this  substance  is  useless  as  a  fuel. 
As  regards  the  L^gaung  coal,  it  would  make  a  fair  fuel,  though  the  volatile 
matter  is  very  low,  as  in  all  these  coals. 

4._0n  Lignite  occurring  at  Thigyit,  near  Nyaungwe.* 

Having  been  informed  that  coal  was.  reported  by  Mr.  Scott  to  exist  at  Tbigyit, 
near  Fort  Stedman,  and  the  coal  of  the  Panlaung  field  not  proving  so  good  as  was 
expected,  I  determined  to  take  the  opportunity  of  being  in  the  neighbourhood  to 
visit  the  locality. 

After  much  delay  I  left  Fort  Stedman  accompanied  by  the  MyoAk  of  Thigyit. 
Thigyit  is  situated  about  ii  to  12  miles  due  west  of  Indeinmyo,  at  the  south  end  of 
the  Nyaungywe  lake.  The  road  from  Indein  is  fairly  good,  but  passes  over  two 
ranges  of  hills,  and  it  would  hardly  be  practicable  during  the  rains.  The  rocks  are 
of  the  usual  character,  exposed  in  this  part  of  the  country,  namely,  massive  lime- 
stones with  red  and  pink  shaly  clays  and  conglomerates. 

The  so-called  coal  is  situated  2\  to  3  miles  to  the  south  of  Thigyit,  on  the 
road  to  Mobyb  and  Rangoon.  At  this  point  a  small  stream,  known  as  the  Mithui 
Chaung,  runs  across  the  road,  and  close  by  there  is  a  phoongyi  kyaung  called  the 
Mithui  kyaung. 

The  black  substance  here  exposed,  which  had  given  rise  to  the  report  of  coal, 
is  not  true  coal,  but  lignite  or  brown  coal,  and  though  superficially  there  appears  to 
be  a  large  seam,  this,  as  is  seen  when  it  is  dug  into,  is  not  the  case.  The  lignite 
can  be  traced  at  intervals  for  a  distance  of  quarter  of  a  mile  up  the  stream  from 
the  bridge  where  the  road  crosses.  The  dip  of  the  masses  of  lignite  varies  from 
15°  to  45°  to  N.  W.  There  are  about  twenty  exposures,  some  of  which  are  a  to  3 
feet  in  thickness,  and  in  one  case  6  feet.  The  lignite  alternates  with  grey,  yellow, 
and  brown  clay. 

By  digging  at  a  point  above  the  bridge,  where  one  of  the  3-ft.  layers  is  exposed 
dipping  to  N.  W.  at  15°,  I  was  able  to  see  the  very  delusive  and  irregular  character 
of  the  deposit,  for  what  looked  like  a  good  seam  at  the  surface  was  found  to 
consist,  a  few  feet  below,  of — 

Ft. 

Clay  and  surface  soil   ...••••.... 

Lignite        .••••••...        a 

Brown  clay  ....•••••        9 

Lignite        ...•••••••        a 

Brown  clay 4 

Very  brown  clay  not  gone  through. 

The  lignite  is  of  a  plastic  nature,  containing  fragments  of  fossilized  wood,  which 
is  also  found  in  the  brown  clay.  The  clay  contains  numerous  fossil  shells,  the 
larger  ones  very  much  crushed :  they  are  evidently  of  recent  origin,  and  some  of 
the  smaller  ones,  when  extracted  from  the  clay,  will  probably  be  recognizable, 
though,  owing  to  their  brittle  nature,  this  could  not  be  done  in  the  field. 

The  whole  appearance  of  this  deposit  shows  that  it  is  the  bottom  of  an  old 
lake,  which  has  silted  up  in  recent  times  in  the  same  way  as  the  Nyaungywe  lake  is 
doing  at  the  present  time ;  and  this  deposit  of  lignite  is  the  remains  of  the  plants 

'  See  map  2. 
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which  grew  there  at  the  time,  and  of  the  logs  of  wood  carried  into  the  lake.  The 
conditions  are  very  favourable  for  the  filling  up  of  lakes  among  these  hills»  as  large 
quantities  of  clay  are  brought  down  by  the  streams  during  the  rains :  the  Ny- 
aungywe  lake  can  be  seen  to  be  filling  up  very  fast,  and  near  the  banks,  especially 
near  the  points  where  streams  fall  into  it  and  form  deltas,  it  is  little  more  than  a  bog. 

There  is  no  hope  of  obtaining  any  large  or  profitable  supply  of  fuel  from  this 
source,  though  it  might  well  be  used  for  local  purposes  should  any  demand  arise 
for  small  quantities.    The  supply  would  always  be  precarious. 

Appended  is  the  result  of  an  assay  of  some  of  this  lignite  by  Mr.  T.  R.  Blythin 
the  Survey  laboratory.  The  high  percentage  of  moisture  is  characteristic  of  lignite. 
From  the  assay  it  will  be  seen  that  the  lignite  contains  only  66*48  per  cent,  of  com- 
bustible matter: 

Post'terliary  Lignite  from  near  Thigyit, 

Moisture       ......•,,  22*74 

Other  volatile  matter     ••.....  36*26 

Fixed  carbon          . 30*22 

Ash 1078 

Total        .      100*00 
Does  not  cake.    Ash  brown. 

5. — On  the  Metalliferous  Mines  in  the  Neighbourhood  of  Kyauk- 

TAT  and  PYINYAUNG  IN  THE  ShAN  HiLLS.' 

SilverAead  Mints  of  Kyautat  and  Bawzain, — Baw2ain  is  a  small  village  in  the 

neighbourhood  of  Kyauktat,  near  Pwehla.    About  i^  miles 
^T<^*^BawLf^.  ^0  ^^^  north-east  of  the  village  there  is  a  valley  among  the 

hills,  the  bottom  of  which  is  filled  with  red  clay,  the  rocks 
of  the  surrounding  hills  consisting  of  limestone.  In  clefts  in  the  limestore,  and  below 
the  red  clay,  a  yellow,  somewhat  calcareous  clay,  occurs  containing  the  argentiferous 
galena.  The  ore  is  said  to  occur  in  blocks  and  fragments,  varying  in  size  from 
3  feet  across  to  the  size  of  a  pea.  I  was  unable  to  enter  the  mines,  most  of  them  having 
been  closed  for  three  years,  owing  to  the  disturbances  in  the  country ;  and  of  the  two 
that  had  been  recently  worked,  one.  had  been  recently  abandoned  on  account  of  its 
unsafe  condition,  while  the  other,  being  only  worked  during  the  dry  weather, 
bad  been  closed  for  the  rains. 

The  larger  lumps,  which  are  of  too  great  a  size  to  be  readily  carried  out  of 
the  mine,  are  broken  up  and  brought  out  with  the  smaller  lumps  and  the  clay 
in  which  they  occur,  and  the  whole  is  washed  by  means  of  water,  which,  while  remov- 
ing the  clay,  leaves  the  heavier  fragments  of  ore  behind.  The  ore  is  then  collected 
in  baskets  and  removed  to  one  of  the  smel ting-houses  in  the  neighbourhood.  The 
ore  is  said  always  to  occur  in  this  manner,  imbedded  in  the  yellow  clay ;  and  when 
it  occurs  in  a  cleft  or  fissure  of  the  rock  the  walls  of  the  cavity  are  frequently  lined 
^th  crystalline  calcite. 

^  See  map  2. 
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When  the  ore  occurs  in  a  fissure  of  the  rock,  a  passage  is  driven  along  in  the  clay 
between  the  walls  of  the  fissure,  which  is  usually  very  tortuous  and  irregular  in  its 
course.  The  mouth  of  one  of  these  tunnels  which  I  saw  was  about  3  feet  high 
and  2  feet  wide,  and  running  towards  north-west  at  about  45°  though  just  beyond 
the  entrance  it  gets  narrower  and  steeper.  The  whole  length  of  the  passage  is  said 
to  be  300  cubits.  Where  the  ore  occurs  below  the  red  clay  in  the  bottom  of  the  valley, 
square  shafts,  inclined  at  about  70°,  are  dug  through  the  red  day,  steps  being  cut  till 
the  yellow  clay  is  reached,  which  is  said  to  be  at  a  depth  varying  from  50  to  150 
cubits.  Chambers,  as  large  as  the  fear  of  subsidence  of  the  roof  will  allow,  are  then 
excavated  in  the  ore-bearing  clay  which  is  removed  and  carried  to  the  surfece. 
When  it  is  considerd  too  dangerous  to  remove  any  more  clay,  the  place  is  abandoned 
and  a  new  shaft  put  down  at  a  short  distance  off.  Frequently,  if  not  always,  one 
chamber  commimicates  with  the  air  by  means  of  at  least  two  shafts. 

Two  baskets  full  of  the  ore  are  smelted  at  a  time,  the 

Smeltinfif  the  ore.  1*^  ^^i*  >j^*  fi«ir 

^  first  operation  bemg  earned  out  m  a  small  blast-furnace 

heated  with  a  charcoal  fire. 

The  blast  is  produced  by  means  of  a  pair  of  bamboo  bellows,  which  deliver 
the  air  through  a  pair  of  earthenware  tuybres  at  the  back  of  the  furnace.    There  \% 
also  an  opening  below  in  front,  through  which  the  molten  lead  is  manipulated,  and 
which  can  be  closed  at  the  pleasure  of  the  operator.  The  lumps  of  ore  without  previous^ 
calcination  are  put  into  the  furnace  with  charcoal,  and  ore  and  charcoal  are  added 
from  time  to  time ;  and  the  molten  lead  drops  down  into  a  hollow  below,  froi 
which  it  is  ladled  out  into  moulds.    A  large  proportion  of  lead  remains  in  the  dark- 
coloured  glassy  slag,  which  is  produced,  and  no  steps  appear  to  be  taken  to  recovei 
this ;  while  the  only  use  that  is  made  of  the  slag  is  as  glass  for  the  manufacturers* 
of  ornaments.    I  did  not  see  this  furnace  at  work,  but  gathered  the  informatioi 
through  my  interpreter  from  the  smelter. 

The  operation  of  reducing  the  two  baskets-full  occupies  a  whole  day,  and  the  r< 
suit  is  ten  hemispherical  pigs  of  metal,  averaging  about  i6Ib  in  weight. 

These  pigs  are  then  removed  to  a  hut  close  by,  where  they  undergo  th( 
operation  of  cupellation.  The  furnace  used  consists  of  a  basin-shaped  cavil 
in  which  the  molten  lead  lies,  over  which  the  fire  of  logs  of  charcoal  is  supported, 
so  that  the  heating  is  by  radiation  from  above.  The  furnace  is  closed  in  at  th< 
sides,  back,  and  top,  and  there  is  no  chimney.  In  front  there  are  two  openings,  on< 
a  large  one  just  above  the  surface  of  the  molten  lead,  and  a  smaller  one  above^^ 
through  which  the  fire  is  manipulated. 

When  the  lead  is  all  melted,  it  gradually  oxidizes,  and  the  litharge  floating  on  the 
surface  of  the  molten  lead  is  drawn  off  by  thrusting  an  iron  rod  through  the  lower 
opening  and  rotating  it  in  the  litharge  which  clings  to  it ;  and  by  repeating  the 
operation  a  ball  is  collected  on  the  end  of  the  rod,  which  is  knocked  off  and  a  fresh 
one  collected.  This  operation  is  repeated  till  most  of  the  lead  has  been  oxidised, 
when  charcoal  ashes  are  thrown  in  to  absorb  the  remainder  of  the  litharge  formed, 
and  the  fire  kept  up  till  a  button  of  silver  is  formed.  The  button,  which  I  obtained, 
and  which  was  said  to  be  the  result  of  the  cupellation  of  ten  pigs,  weighs  nearly  five 
tolas,  and  the  usual  result  is  said  to  be  from  four  to  six  tolas. 

There  are  two  furnaces,  built  together  side  by  side,  which  are  used  alternately. 
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Below  the  famace  is  an  opening,  through  which  the  bed  of  the  furnace  can  be  broken 
up  and  removed  when  it  becomes  saturated  with  litharge. 

This  operation  is  also  said  to  last  about  one  day;  but,  as  there  is  very  little 
draught  owing  to  the  absence  of  chimney,  the  products  of  combustion  being  carried 
off  through  the  upper  opening,  this  must  be  a  considerable  waste  of  time. 

The  silver  is  not  refined  any  more,  but  sold  in  buttons,  the  price  being,  accord- 
ing to  my  informant,  8  annas  per  tola  of  rough  silver. 

The  balls  of  litharge  obtained  are  taken  back  to  the  blast-furnace  in  which 
the  first  operation  is  performed,  and  there  reduced  again  by  the  help  of  a  charcoal 
fire  in  the  same  manner  as  in  the  first  operation.  No  provision  is  in  any  case  made 
for  condensation  of  the  lead  fumes,  and  the  loss^  both  in  lead  and  silver,  must  be 
very  great.  The  resulting  lead  in  ten  pigs  probably  weighs  about  i2oIb.  I  was 
told  406  viss,  but,  as  only  ten  are  formed,  and  the  one  I  obtained  only  weighs  iSlb., 
this  is  manifestly  absurd,  and  the  error  probably  resulted  from  the  interpreter's  very 
limited  knowledge  of  English.  The  total  profit  to  the  furnace  proprietor,  who  does 
not  work  himself  but  employs  a  smelter,  is  .said  to  be  about  R4  per  every  two  bas« 
kets  of  ore  smelted. 

Bwel6n  is  a  village  about  4  miles  from  Bawzain  in  the  direction  of  Kyauktat.    At 

^  .        ,  „  MA  a  distance  of  about  three-fourths  of  a  mile  in  a  north-east 

Caiena  at  Bweloo. 

direction  from  this  village  is  a  hill,  which  is  ramified  by  old 
workings,  some  of  which  are  said  to  run  right  through  from  one  side  of  the  hill  to 
the  other.    The  argentiferous  galena  occurs  here  in  the  same  manner  as  at  Bawzain, 
in  yellow  clay  in  fissures  of  the  limestone  rocks.    The  ore  here  is,  however,  richer  in  ' 
silver  than  that  of  Bawzain ;  it  is  said  to  give  eight  tolas  of  silver  to  two  baskets  of  ore. 

Dwinzu  is  about  half-way  from  Bw^ldn  to  Kyauktat.    It 

at  Dwfnzur^"'  ^*^*"*     ^  "^^^^^^  ^^®  "^™^  °^  ^^^  locality  (there  being  no  village  in 

the  immediate  neighbourhood),  which  is  situated  on  the 

banks  of  the  Ngaboi  Chaung. 
The  ore  occurs  here  in  the  river-bed  in  the  form  of  pebbles  and  in  a  fissure 
close  to  the  stream.    It  is  said  to  give  25  to  30  tolas  of  silver  to  two  baskets  of  ore, 
but  is  not  so  plentiful  as  at  the  other  two  localities. 

No  work  has  been  carried  on  either  at  Bw^l6n  or  Dwinzu  for  some  years  now, 

but  at  Bawzain  two  of  the  mines  had  been  worked  up  to  a 
sto^^  **  *^*   '"'"'''     short  time  before  my  visit.    The  Ngwegunhmu,  or  hereditary 

ruler,  charges  a  royalty  of  Ri  per  month  for  every  man 
and  wife  working  in  the  mines  and  takes  one-third  of  the  ore.  Kyauktat  was  visited 
by  the  Salween  Expedition  in  1864-65,  and  a  description  of  the  manner  of  smelt- 
ing the  ore  is  given  by  Mr.  F.  Fedden  in  his  report  on  the  expedition.^  He  was, 
however,  unable  to  visit  the  mines.  This  source  of  lead  and  silver  is  also  men- 
tioned in  Captain  G.  A.  Strover's  memorandum.'  I  was  able  to  procure  enough  of 
the  Bawzain  ore  to  furnish  an  assay,  and  the  result  shows  74*29  per  cent,  lead  and 
13  ozs.  7  dwt.  20  grs.  of  silver  to  the  ton  of  ore  by  dry  assay,  and  a  trace  of  gold. 
This  would  hardly  pay  to  work  systematically  at  the  present  low  price  of  silver. 

'  Sel.,  Records,  Govt  of  India,  Vol.  XLIX,  p.  39. 

'  Reprinted  from  the  Caaette  of  India  in  the  Indian  Econ    mist,  Vol.  V. 
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Argentiferous  galena  is  also  said  to  occur  in  the  hills  near  Pindajra,  but  is 

.  ,        .^,  ^  not  worked  on  account  of  the  small  quantity  of  silver  con- 

Galena  at  Pindaya.       ^  .      . 

'         tained. 

Pyrites  mar  Bawtain  and  Kyauktat. — About  5  to  6  miles  along  the  road  from 

Pwbhla  towards  Bawzain,  the  road  passes  close  to  a  large 
gyi-chaung!*     *       *°'     s^^^m  bed  (Thaingyi-chaung),  in  which  is  an  exposure  of 

dark  grey  shales.      These  shales  contain  a  considerable 
quantity  of  nodular  iron  pyrites,  which  is  collected  and  subjected  to  distillation  in 
earthenware  retorts,  in  order  to  obtain  sulphur.    There  seems  to  have  been  a  consider- 
able amount  of  sulphur  manufactured  near  Bawzain  in  former  years,  but  at  presents 
all  work  is  stopped.    The  sulphur  is  chiefly  used  in  the  manufacture  of  gunpowder. 
About    \\  miles  nearer  Bawzain  is  the  Thingbchaung  where  pjrrites  again. 

occurs  in  dark  grey  shales,  and  is  said  to  be  of  the  same^ 

chru  "g!"' '°  ****  ^*"*^^     q^^ity  as  that  of  Th^ngyi-chaung,  but  less  sparingly  dis^ 

tributed. 

Pyrites  near  Kyauktat.  Pyrites  of  the  same  character  also  exists  near  Ryauk — 

tat,  but  I  was  unable  to  visit  the  locality. 
Miscellaneous  Minerals,  &fc. — ^At  Kyauktat  copper,  in  the  form  of  green  carbo— — 

Copper  at  Kyauktat       ^^^^*  ^^^^^^^^^  ^^^^  quartz,  occurs,  and  is  said  to  yield  5  visi 

of  copper  to  the  two  baskets  of  ore.    I  was  unable  to  visit  ^^' 
locality. 
Near  Pyinyaung,  at  Taunglbbyin,  on  the  road  from  Shwenaungbu  to  the  S 
^ .^       ,3,.   1        States,  copper  ore  is  said  to  occur.    In  some  blocks  of 

Copper atTaunglibyfa.  '       ^*^  i.         u.  r  .u-     1       1:*.  *u 

serpentme  which  were  brought  me  from  this  locality  the 

are  some  specks  of  green  carbonate  of  copper. 

Gold  is  also  said  tp  be  obtained  by  washing  in  a  stream  near  Taunglbbjd: 

r-  ^J^  4,T       i^u  •         I  tried  to  visit  this  locality,  but  was  unable  to  do  so,  as  it  w: 
Gold  at  Taungldbjin.  .  ,  ,  ,      ,        «  .  .  \ 

too  far  to  get  there  and  back  to  Pyinyaung  m  one  day,  an 

I  was  unable  to  procure  coolies.  . 


Boring  Exploration  in  the  Chhattisgarh  Coal-fields.     (Second  Notice.'S     By 
William  King,   B.A.,  D.Sc,  Director^  Geological  Survey  of  India. 

In  my  previous  notice^  it  was  shown  that,  owing  to  the  poor  quality  of  the 
coal  from  the  boring  assays  in  the  Rampur  field,  examination  should  be  diverted 
to  the  Mand  Valley,  and,  if  possible  in  the  time  at  our  disposal,  to  the  Korba  country 
also.    These  later  explorations  have  been  made,  with,  however,  no  belter  success. 

Tumidih  on  the  Mand  Biver.— Work  was  begun,  under  the  most  unfavourable 
circumstances*  near  Tumidih  in  the  Raigarh  State,  about  20  miles  N.  W.  of  Rai- 

'  Records,  G.  S.I.,  XIX,  p.  210. 

*  Following  on  the  death  of  the  Mining  Assistant,  Mr.  Stewart,  and  the  impossibility  of 
replacing  him  on  short  notice  by  a  sufficiently  competent  man,  1  and  my  Sub-Assistant,  Babu 
Hira  Lai,  had  in  fact  to  overlook  the  work. 
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garh ;  one  of  the  bore  holes  (No.  2)  entering  almost  immediately  into  carbonaceous 
shales  through  which  it  passed  at  first  for  some  25  feet,  and  then  again  for  20  feet 
more,  but  without  striking  any  trace  of  proper  coal.  While  this  was  going  on, 
Babu  Hint  Lai  was  successful  in  finding  outcrops  of  coal  in  the  small  Pasana  or 
Pasang  stream,  a  short  distance  to  the  south,  and  likewise  in  the  Nagoi  tributary, 
2  miles  to  the  north  of  our  centre  of  operations :  and  thus  it  was  ascertained  that 
we  were  here  on  an  anticlinal,  or  flat-arched  arrangement  of  the  strata,  into  the 
lowest  beds  of  which  the  two  Tumidih  bore  holes  were  being  sunk,  the  outcrops 
exposed  in  the  nalas  to  north  aiid  south  being  in  higher  beds.  Our  attention  was 
then  directed  entirely  to  the  Pasana  part  of  the  field  :  and  our  hopes  were  high,  for 
the  outcrop  showed,  at  any  rate,  one  band  of  good-looking  coal  at  least  13  feet  thick, 
out  of  which,  though  it  was  somewhat  variable  in  quality,  some  4  or  5  feet  of 
useful  fuel  might  eventually  be  obtained. 

The  boring  samples  as  they  came  up  even  looked  tolerably  fair:  still  there 
was  a  suspicious  uniformity  about  them  which  tallied  too  closely  with  those 
obtained  from  the  other  fields,  and  the  old  fear  of  deteriorated  samples  again  be- 
came dominant  in  my  mind.  These  eventually  gave  such  a  large  percentage  of 
ash  that,  had  it  not  been  for  the  fair  promise  of  the  outcrop,  the  borings  should 
have  been  given  up  at  once. 

There  was  nothing  for  it,  then,  but  to  dig  well  into  the  outcrop  and  check  the 
boring  samples  by  comparison  with  a  fair  selection  of  outcrop  samples.  These  were 
assayed  by  Hira  Lai  on  the  spot  ;^  and  another  series  was  subsequently  tried  in  the 
Survey  laboratory.  There  is  no  use  in  giving  the  assays  of  the  bore  samples ;  they 
were  altogether  poorer  than  those  from  the  outcrop,  the  laboratory  assays  of  which 
show  sufficiently  the  quality  of  the  coal. 

'  I  cannot  but  record  my  approval  of  the  willing  and  workmanlike  way  of  Hira  Lai  in 
making  these  assays  at  the  boring  smithy.  1  have  heard  complaints  of  other  Sub-Assist- 
ants on  the  Survey  objecting  to  buckle  to  handiwork  which  every  officer  is  necessarily  obliged 
to  undertake  at  times  ;  but  there  was  none  of  this  in  ,Hira  Lai :  on  the  contrary,  he  was  full  of 
resources,  and  I  have  little  doubt  would  have  made  the  clay  crucibles  had  we  failed  to  find 
them  ready  at  hand  in  the  shape  of  the  little  cups  used  for  illuminations. 
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This  coal  is  quite  nnfit  for  railway  purposes ;  the  ist  and  <)th  foot,  in  a  thickness 
thirteen  Tect,  being  alone  np  to  the  standard  of  average  Indian  coal. 

The  Ijoring  also  showed  a  higher  seam  than  that  jnst  deEcribed,  its  outcrop,  if 
y  beitigconcealed under  the  water  and  sand  of  stream.  Samples  of  19  feet  of  this 
)m  the  borings  were  assayed  in  the  laboratory  with  the  following  result : — 
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Four  bore  holes  were  run  down  in  this  area,  by  which  H  was  ascertained  that 
there  are  two  other  seams,  fonr  in  all,  above  those  assayed ;  but  thej  are  thin  and  in- 
ferior in  quality.  The  area  containing  these  is  very  small,  only  about  «  fqnaie 
mile  in  extent ;  quite  large  enough  however,  had  either  of  the  thick  seams  been  of 
any  good,  to  have  given  a  large  amount  of  fuel. 

The  representatives  of  the  same  measures  to  the  north  of  Tumidih,  on  the  Nag(ri 
side,  are  even  poorer  than  those  of  the  Pasana  nala^  being  merely  a  succession  of 
grey  and  carbonaceous  shales,  with  thin  bands,  or  layers,  of  inferior  coal ;  and  this 
condition  of  affairs  only  agrees  with  what  had  already  been  observed  for  many  miles 
to  the  north  by  Mr.  Ball  and  myself.  There  was  therefore  really  no  use  in  wasting 
more  time  or  money  in  this  direction. 

Korha,  and  its  neighbourhood. — ^T^o  borings  were  started  at  Korba,  on  the  river 
bank  opposite  the  town ;  and  a  cross-cut  was  made  in  the  great  exposure  or  outcrop 
of  shales  and  coal  in  the  river  bed.  Two  borings  were  likewise  put  down  near 
Sumheda,  or  rather  Ghordewa,  on  the  Aharan  river,  near  Hira  Lai's  outcrop,^  into 
which  a  fresh  cut  was  made. 

Korba. — ^The  cutting  in  the  Hasiu  was  made  in  the  most  favourable-looking  part 
of  the  outcrop,  or  about  the  middle,  and  gave  us  samples  of  38  feet  of  the  coal  and 
shale.  Thirty-five  feet  of  this  gave  an  average  of  34*15  of  ash.  The  best  assays 
were: — 


NuMBBS  or  rtrr. 

Moltture. 

VolatUcs, 
exclusive  of 
moisture. 

Fixed  carlton. 

Ash. 

Coloar«f  Mh. 

1st      •         •         •         . 
and    •         •         .         . 

604 
6-18 

6*20 
564 
444 

7*44 

7*98 
864 

2944 
2904 

43"6o 
42*26 

47*50 
4076 

43*10 

45'3a 

42*46 
4564 

20*92 
2252 

18*90 
27*16 
2056 

20*84 

21*84 
1872 

Brownish. 

i6th      •        •        •         • 
17th      •        .         .        • 
i8th      .... 

27*40 
26*44 
31*90 

\  ■ 

31st      .... 

26*40 

m 

37th      •         •         •         • 
38th      •         •         •         . 

2772 
27*00 

n 

It  is  very  difficult,  if  not  impossible,  to  compare  the  results  in  this  cross-cut  with 
those  ascertained  in  1870  during  Mr.  Blanford's  examination,^  for  the  latter  was  made 
by  cuttings  at  good  places  throughout  the  whole  measured  outcrop,  and  it  may  be 
that  Hira  Lai  did  not  touch  on  the  4  feet  of  good  coal  noted  by  Mr.  Blanford,  which 
gave  the  average : — 

Carbon  57*5.    Volatiles  and  moisture  25*2.     Ash  17*3. 
The  lower  two  feet  yielding — 

Carbon  60*5.     Volatiles  and  moisture  29*5.     Ash  10*0. 

But  we  can  fall  back  on  the  boring,  which,  though  not  made  in  the  bed  of  the 
river  and  thus  in  the  coal  outcrop,  was  nevertheless  run  down  in  the  inland  western 

'  Records,  G.  S.  I.,  XIX,  p.  223,  2nd  para. 
■  Records,  G.  S.  I.,  Ill,  p.  54, 
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extensions  of  what  appears  to  be  the  same  seam  through  69  feet  of  shale  and  coal, 
the  thickness  of  the  great  seam  at  that  point.  Unfortunately  there  is  no  such 
good  band  of  coal  shown  by  the  boring  samples ;  all  the  coal  is  bad ;  and,  again,  a 
list  of  the  samples  recorded  by  us  would  be  only  a  wearisome  tale  for  tabulation  or 
reading  in  the  present  paper.  The  average  ash  is  37*28  per  cent. ;  and  the  only 
section  of  the  bore  hole  worth  looking  at  is  as  follows  : — 


No.  of  feet  in 
•earn. 

Moistore, 

Volatiles, 

exclusive  of 

moisture. 

Fixed  carbon. 

Ash. 

Colour  of  the 
ash. 

59**^ 

60th 
6ist 
62nd 

592 
582 
600 

5*12 

2836 
27-28 
27*20 
24*56 

37*40 
39*28 

39*14 
4232 

28*32 

2764 
27*66 
28*00 

Brown. 

I'his  4-ft.  band  may  answer  to  Mr.  Blanford's  band  *^  h:"  but  in  any  case  the 
whole  series  of  assays  from  this  boring  go  very  much  against  the  outcrop,  while 
they  again  cast  a  cloud  of  doubt  on  the  reliability  of  boring  assa3rs. 

I  examined  all  the  country  on  the  Korba  side  of  the  river  and  the  outcrops  in  the 
Sitamanda  and  Kachendi  streams,  but  without  finding  any  improvement  on  the  coal 
of  the  main  outcrop. 

Ghordewa, — Owing  to  lateness  in  the  season  we  were  only  able  to  start  two 
borings  at  this  place,  the  first  of  which,  at  429  feet  from  the  outcrop  and  on  the  dip, 
went  through  the  coal  at  72  feet  from  surface  ( we  had  calculated  on  70' — 80'). 
The  other  boring  No.  2  was  estimated  to  cut  the  coal  at  200  feet  from  the  surface, 
but  could  only  be  carried  down  153  feet.  Here,  for  a  wonder,  the  boring  assays  have 
not  be-Iied  the  promising  outcrop  to  anything  like  the  damaging  extent  exhibited  in 
other  parts  of  Chhattisgarh ;  but  so  remarkable  an  exception,  for  these  fields,  in  the 
way  of  outcrop  and  boring  assays  must  be  well  corroborated  before  venturing  on 
colliery  development 

The  seam  at  the  outcrop  is  5  feet  3  mches  thick  ;  and  the  fresh  cut  made  in  it 
yielded  assays  as  below  : — 

Analysis  of  Coal  from  the  Outcrop  in  the  Aharan  between  Sumedha  and 

Ghordewa. 


No.  of  feet. 

Moisture. 

Volatile  matter, 

exclusive  of 

moisture. 

Fixed  carhoQ. 

Ash. 

Colour  «f  the 
ash. 

I 
2 

3 

4 
5 

880 

556 
778 
840 
832 

2580 

1758 
28-84 

■ 

28*28 
3058 

57*42 
4896 

5574 
5636  • 

52*43 

798 
27*90 
802 
696 
868 

Greyish. 

II 
Iff 
II 

II 

Average  exclud- 
ing No.  2 

832 

2837 

55*48 

791 

... 

Averajjc  of  the 
whole  seam  . 

m 

22*21 

5418 

11*90 

... 

200 


Records  of  the  Geological  Survey  of  India. 


[VOL.  XX. 


On  the  other  hand,  the  boring  shows  the  coal  to  be  somewhat  thicker,  six  feet 
having  been  pierced ;  though  this  must  be  reduced  a  little  on  account  of  the  dip 
The  samples  from  it  give  the  following  results : — 

Analysis  of  Coal  from  boring  north  of  Ghordewa. 


Number  of 

feet  from  the 

surface. 

Moisture. 

Volatile  matter, 

exclusive  of 

moisture. 

I'ized  carbon. 

Ash. 

CokmroCthe 
aah. 

72nd        • 

S'28 

28-20 

52-30 

14-22 

73rd 

Sh^ 

2976 

52*14 

12*58 

74th 

5'22 

27-06 

52-92 

14-80 

7Sth         . 

S16 

27-58 

5396 

"330 

Brown 

76th 

5'34 

2780 

5470 

I2'l6 

7}th 

5"20 

2108 

39*34 

34-38 

Average,      ex- 
cluding  No. 

77       . 

S'jo 

2808 

53'20 

I3'4i 

••• 

The  lowest  foot  of  the  boring  samples  can  only  be  called  a  shale,  a  condition  to 
be  reasonably  expected  in  a  coal  seam,  thus  leaving  nearly  five  feet  of  fairly  good 
coal,  as  Indian  coals  go.  A  comparison  with  the  outcrop  assays  will  show,  however, 
that  even  in  so  short  a  distance  as  429  feet,  the  layers  of  the  seam  do  not  keep  up 
uniformity,  there  being  no  bottom  layer  in  the  outcrop  answering  to  the  shale  of  the 
bore  section ;  while  the  latter  has  no  representative  of  the  stony  band  (second  foot 
from  top)  of  the  outcrop.  All,  then,  that  can  be  safely  reckoned  on  is  about  4  feet 
of  coal  throughout;  say,  in  a  circle  whose  diameter  is  429  feet:  it  being  quite 
possible,  of  course,  that  such  a  condition  of  affairs  may  exist  far  beyond  so  limited  an 
area  as  this.    Extended  boring  can  only  prove  an  extended  area. 

Risumi  of  experience  gained, — I  have  now  examined  by  boring,  and  I  think 
sufficiently  so,  the  separate  areas  in  Hingir,  Rampur,  and  the  Baisandar  valley, 
which  have  been  grouped  as — 

A.  Lillari  valley,  |        C.    Baisandar  valley, 

B.  Oira  valleyi  I 

under  the  one  official  heading  of  the  Rampur  coal-field. 

The  best  seams  of  the  Lillari  valley  borings  gave  average  ash  percentages  at^ : — 

No.  I.  Chowdibahal 44' 18 

No.  5.  Kaliabahal  ...•..•  44*43 

•>  II  4023 

No.  6.  Bonjari  39*3* 

The  Oira  valley  borings  yielded  coal  carrying  42-71  per  cent,  of  ash,  or  worse. 
The  Baisandar  valley  gave  no  better  assays :  but  here,  for  the  first  time,  some  doubt 
arose  as  to  the  possible  unreliability  of  boring  samples,  owing  to  the  difference 
observed  between  outcrop  and  bore  samples. 

No  better  results  have  been  obtained  from  the  latest  borings  in  the  Mand  valley 
or  from  Korba  itself. 


>  Records,  G.  S.  I.,  XIX,  210. 
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On  the  boring  assays  alone>  these  coal-fields  must  be  generally  condemned  as 
being  unlikely  to  yield  good  \f^orkable  and  useful  coal  within  the  areas  tried  ;  and 
when  I  write  "areas  tried"  I  am  practically  condemning  a  very  large  extent  of 
country  indeed,  in  which,  however,  there  is  plenty  of  room  for  chance  local  develop- 
ments that  might  pay  private  enterprise.  Now,  this,  though  a  deliberate  and  sweep- 
ing condemnation,  based  on  what  has  always  hitherto  been  considered  conclusive 
evidence,  namely,  the  poorness  of  boring  assays,  does,  on  the  face  of  it,  seem  too 
strong  for  so  very  great  an  area  of  coal-measures,  carrying  generally  two  very  thick 
seams  of  shales  and  coal  besides  many  other  thin  ones.  Indeed,  particularly  so, 
when  even  the  shadow  of  a  doubt  has  been  cast  upon  the  reliability  of  the  boring 
samples,  and  while  such  a  promising  local  improvement  shows  itself  at  Ghordewa. 

The  chances  that  the  boring  samples  have  in  some,  if  not  many,  cases  been 
spoiled  by  admixture  with  foreign  and  deleterious  debris  of  shales,  and  perhaps  a 
little  sand,  are  considerably  reduced  by  our  close  and  severe  examinations  of  the 
Pasana  outcrop  and  borings  in  the  Mand  valley ;  but  they  are  not  altogether  elimi- 
nated, and,  when  the  interests  involved  in  the  ^existence  of  coal  in  this  part  of  the 
country  are  so  great,  it  would,  I  think,  be  folly  to  leave  the  exploration  in  so  unsatis- 
factory a  state. 

There  is  little  use,  however,  in  having  more  borings  put  down  unless  some  more 
perfect  apparatus  and  more  skilled  and  reliable  boring  experts  can  be  employed 
than  have  hitherto  been  available.  The  more  immediately  feasible  plan  is  to  have 
a  small  pit  sunk  on  or  near  the  site  of  some  of  the  old  borings  in  order  that 
the  seams  they  touched  or  ierce  d   should  be  tried  in  bulk. 

The  difficulty  is  to  settle  on  a  site,  for  I  cannot  point  to  one  place  as  being 
preferable  to  another  for  its  outcrops  and  bore  samples.  Such  being  the  case,  I 
fall  back  on  a  position  as  conveniently  situated  for  railway  purposes  as  possible. 
The  Rampur  coal-field  has  this  advantage,  and  it  is  next  nearest  for  possible  supply 
to  the  Bengal  fields,  on  the  eastern  side  of  the  Peninsula.  The  boring  assays 
from  here  give  as  much  promise,  bad  as  it  is,  as  from  anywhere  else ;  the  seams 
are  of  fair  thickness,  the  depths  at  which  they  were  encountered  not  being  exces- 
sive ;  while  the  shortest  distance  from  the  proposed  line  of  railway  is  only  about  4 
miles.  By  the  journals  or  sections  of  No.  i^  bore  hole  near  Chowdibahal,  a  7-ft. 
seam  occurs  at  jj  feet  from  the  surface,  and  there  is  another  seam,  8  feet  in  thick- 
ness at  143  feet.  This  bore  hole  is  at  a  good  distance  from  the  outcrop,  so  that 
there  is  no  fear  of  any  deterioration  of  the  coal,  such  as,  it  may  be,  from  proximity  to 
weathering  influences ;  and,  as  the  depth  is  not  excessive,  a  small  pit  might  be  run 
down  on  it.  As  the  seams  are  reached,  they  should  be  well  cut  into,  when  the  con 
ditions  of  their  coal  ought  to  settle  the  fate  of  the  Rampur  coal-field  beyond  dispute. 
The  next  best  situated  place,  though  it  be  about  20  miles  in  a  direct  N. — S. 
line  from  the  railway  trace,  is  Korba :  and  it  has  these  points  about  it,  namely,  that 
there  is  a  great  seam  manifest  to  the  eye  of  doubting  and  practical  men  of  what 
looks  like  what  ought  to  be  coal,  though  it  may  have  any  amount  of  shale  associated 
with  it ;  and  above  all  that  so  excellent  an  authority  as  Mr.  W.  T.  Blanford  did  in 
the  first  instance  report  very  favourably  on  it,  and  pointed  out  bands  the  better  por- 
tions of  which,  from  the  evidence  before  him,  he  considered  "  equal  in  quality  to 

^  Records,  G.  S.  I.,  XIX,  p.  326,  and  plate,  fig.  i. 
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any  coal  found  in  the  Ranigun]  field."  Of  coarse,  this  opinion  of  Mr.  Blanford 
was  somewhat  qnalified  by  the  assays  received  by  him  at  a  later  date.  A  small 
trial  pit  could  be  easily  run  down  here  on  the  site  of  our  boring  to  a  total  depth 
of  94  feet,  which  would  pass  through  the  entire  seam  and  show  in  fair  bulk  the 
constitution  of  the  many  coal  bands. 

Local  improvemeni, — ^That  places  of  better  promise  may  eventually  be  found 
is  shown  by  the  case  near  Ghordewa  on  the  Aharan  river,  which  is  only  about  5  miles 
west-north-west  of  Korba ;  but,  as  stated  in  the  previous  paper,  to  go  on  searching 
for  such  would  be  very  much  like  looking  for  a  needle  in  a  bundle  of  hay. 
The  Ghordewa  case  remains,  however,  and  it  certainly  is  promising  enough  to 
demand  further  exploration  as  to  the  extent  and  quality  of  its  coal.    The  place  is 
about  40  miles  north-west  of  Bilaspur,  and  its  shortest  distance  due  south  to  the 
Bilaspur-Champa  section  of  the  Nagpore-Bengal  Railway  trace  is  about  35  miles  ; 
it  is  thus  further  from  railway  development  than  any  other  spot  I  have  thought  *  worthy 
of  examination,[,the  Baisandar  valley  excepted.    The  great  feature  about  it  is  that  the 
outcrop  gives  the  best  4  feet  of  coal  known  to  exist  in  Chhattisgarh,  and  that  the 
bore  assays  prove  that  it  does  not  deteriorate  to  the  deep.    Hitherto,  we  have  found 
such  assays  giving  a  decided  and  damnatory  deterioration  at  only  a  few  yards  from  the 
outcrop,  but  the  assays  in  this  case  were  made  on  material  procured  at  143  yards 
distance.    The  fear  in  my  mind  arising  from  what  I  have  seen  in  many  areas  of 
these  coal  measures,  in  the  case  of  a  clean  seam  of  coal— that  is  without  much  shale, — 
between  thick  beds  of  fine  and  uniform  sandstones,  is  that  the  seam  may  not  be  very 
extensive :  but  this  is  no  fair  ground  for  deterring  exploration.    I  think,  on  the  whole, 
there  is  really  more  chance  of  finding  by  boring  that  the  coal  of  the  Ghordewa  area 
shall  continue  as  good  and  as  thick  over  an  area,  say,  of  a  couple  of  square  miles,  than 
that  a  pit  shall  show  in  any  of  the  other  localities  that  the  coal  is  so  much  superior 
to  the  stuff  brought  up  from  the  borings  as  to  be  extensively  useful  for  railway  con- 
sumption. 

iVo/e.— The  Chhattisgarh  coal-fields  have,  previous  to  this  paper,  been  referred  to  in  the 
following  published  accounts  :— 

W.  T.  Blan  FORD.—Peport  on  the  Coal  at  Korba  in  M#  Bilaspur  Dbtrict.    Records,  G.  S.  I., 

Ill,  p.  54. 
„  „  Not0  OH  the  Occurrence  of  Coal,  east  of  Chhattisgarh  in  the  country 

between  Bilaspur  and  Ranchi.     Records,  G.  S.  I.,  \\\,  p.  71. 
V.  Ball. — The  Raigur  and  Hingir  (Gangpur)  Coal-field.    Records,  G.  S.  I.,  IV,  p.  lot. 
„      „       The  Raigarh  and  Hingir  Coal-fieM.  Records,  G.  S.  I.,  VIII,  p.  162. 
,,      „        On  the  Coal-bearing  rocks  of  the  valleys  of  the  upper  Rer  and  the  MaCnd  Rhers 
in  Western  Chutia  Nagpur.     Records,  G.  S.  I.,  XV,  p.  108. 
W.King. — On  the  selection  0/ Sites  for  Borings  in  the  Raigarh-Hingir  Coal-field.    Re- 
cords, G.  S.  I.,  XVII,  p.  123. 
„        „        Sketch  of  the  Progress  of  Geological  Work  in  the  Chhattisgarh  Divisioo  of  the 

Central  Provinces.    Records,  G.  S.  I.,  XVIII,  p.  169. 
„        „        Boring  Exploration  t»  M#  Chhattisgarh  Coal-fields.    Records,  G.  S.  I.,  XIX, 
p.  210. 

'  It  may  be  mentioned  that  there  is  a  very  promising  field  in  this  same  great  area  of  coal- 
bearing  rocks  in  the  Uprora-Lakhanpur  country,  but  this  is  too  out  of  the  way  and  dilicalt  of 
approach  for  consideration  in  the  present  railway  system.  It  is  on  the  eastern  extension  of 
the  Southern  Rewa  coal-fields. 
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Some  remarks  on  Pressure  Metamorphism  with  reference  to  the  Foliation 
of  the  Himalayan  Gneissose-Granite ;  by  COLONEL  C.  A.  McMahon, 
F.G.S. 

A  few  years  ago  the  theory  found  favour  with  some  geologists  that  granite  was 
the  product  of  the  extreme  metamorphism  of  slate,  sandstone,  and  other  rocks  of 
sedimentary  origin,  and  that  this  metamorphism  was  the  result  of  the  heat  developed 
by  the  compression  of  strata  in  the  course  of  mountain  formation.  As  there  were 
serious  chemical  and  other  difficulties,  however,  in  the  way  of  the  acceptance  of  this 
hypothesis,  it  gradually  lost  its  hold  on  the  geological  mind,  and  another  one,  the 
converse  of  that  above  alluded  to,  now  holds  the  field  and  seems  likely  to  acquire 
especial  prominence  in  the  future  in  connection  with  the  geology  of  the  Scotch 
highlands. 

The  application  of  the  first  theory  to  the  Dalhousie  rocks  I  considered  in  my 
paper  on  the  geology  of  that  region  (Records,  XV,  39,  45,  46),  and  I  came  to 
the  conclusion  that  the  granitic  structure  of  the  gneissose-granite  was  not  due  to  heat 
produced  by  pressure.  The  principal  argument  on  wh^ch  I  relied  was,  shortly  stated, 
as  follows ;  if  the  heat  which  produced  the  granite  structure  were  the  product  of 
local  pressure,  one  would  expect  to  find  the  greatest  thickness  of  granite,  and  the 
most  perfect  granitic  structure,  developed  at  the  point  of  greatest  pressure ;  whereas, 
in  the  Dalhousie  region,  the  contrary  is  the  case,  and  at  the  point  of  greatest  strain 
the  gneissose-granite  exhibits  its  minimum  thickness  and  maximum  amount  of 
foliation. 

In  my  previous  papers,  however,  I  did  not  consider  whether  the  ascertained  facts 
could  be  explained  by  the  pressure  metamorphism  theory,  and  I  now  propose  to 
offer  a  few  remarks  on  this  subject.     . 

.  The  pressure  metamorphism  hypothesis,  shortly  stated,  may  be  said  to  consist  of 
two  parts.  It  is  known  as  a  fact  that  solid  bodies  such  as  lead,  limestone,  ice,  &c., 
can,  under  the  influence  of  great  pressure,  be  made  to  flow ;  and  from  this  fact 
the  advocates  of  the  pressure  metamorphism  hypothesis  infer  that  many  square  miles 
of  solid  crystalline  rocks  have  flowed  with  the  plasticity  of  treacle  under  the  mfluence 
of  enormous  pressure.  This  theory  further  supposes  that  when  rocks  are  set  in 
motion  in  this  way  the  shear,  and  friction,  develope  sufficient  heat  to  fuse,  or  dis- 
solve, the  minerals  of  which  the  rock  is  composed  and  that  recombinations  of  the 
chemical  constituents,  and  recrystallization,  take  place  on  cooling.  This  hypothesis, 
it  will  be  observed,  is  a  very  comprehensive  one  and  likely  to  be  very  useful  to  the 
puzzled  geologist  in  the  field.  The  conversion  of  a  granite  into  a  mica-schist  can  be 
accounted  for  by  the  application  of  the  first  part  of  the  theory ;  whilst  the  conversion 
of  a  mica-schist  into  good  granite  can  be  explained  by  the  second  branch  of  the 
hypothesis. 

I  have  no  present  wish  to  enter  the  lists  against  this  theory,  as  a  theory ;  indeed 
I  have  myself  called  in  the  aid  of  pressure  to  account  for  the  foliation  observed  in 
the  Sutlej  diorites  and  lavas  and  the  production  of  hornblende  schists  in  that  locality 
(Records,  XIX,  80 — 83) ;  all  that  I  propose  to  do  is  to  consider  whether  the  facts 
ascertained  regarding  the  gneissose-granite  of  the  N.  W,  Himalayas,  and  recorded 
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in  my  previous  papers,  harmonize  with  the  theory  that  the  foliation  of  that  rock  wai 
produced  by  pressure  applied  after  its  consolidation  ai  a  granite. 

As  I  have  discussed  this  question  in  an  article  on  the  gneissose-granite  of  the 
Himalayas  recently  published  in  the  Geological  Magazine  (p.  a  12,  May  1887),  I 
think  it  will  suffice  to  give  an  extract  from  this  publication.  It  may  be  conveniem  to 
the  future  student  of  the  Himalayan  gneissose.granite  to  have  his  attention  directed 
to  this  branch  of  the  enquiry  in  connection  with  these  papers— 

"  The  cause,  or  causes,  which  result  in  the  foliation  of  igneouf  rocks  is  a  subject  wktck  Kt 
present  occupies  the  attention  of  many  geologists,  and  seems  likely*  in  the  near  future*  to  lead 
to  some  discussion.  In  view  of  this,  a  short  account  of  the  foliated  granite  of  the  Himalayas 
may  be  of  interest.  It  may  he  as  well,  however,  to  preface  my  remarkb  by  saying  that  I  bdieve 
that  foliation  may  be  produced  in  several  distinct  ways,  and  the  explanation  which  I  offer  of 
the  mode  in  which  the  foliation  of  the  Himalayan  grajiite  hasL  been  brought  abont  is  only 
intended  to  apply  to  the  case  of  that  granite. 


"  Cathie  of  the  FoUmion  of  the  Gneieeo$e  Graniie, 

*'  A  realisation  of  the  eruptive  character  of  the  rock  described  in  the  above  pages  removes 
many  difficulties  from  the  way  of  the  Himalayan  geologist.  **  Despite  the  wooders  performed 
by  flexure  of  strata  in  mountain  regions,"  wrote  Mr.  Medlicott,  the  Director  of  the  Ceological 
Survey  of  India,  in  his  Annual  Report  for  1883,  "the  structural  features  presented  by  this  rock 
in  certain  cases  were  impossible  of  satisfactory  explanation  on  the  supposition  of  its  being  a 
really  stratified  gneiss."  But  if  the  eruptive  origin  of  the  gneissose-granite  be  admitted,  the 
further  question  arises  whether  the  foliation  observed  in  it  was  produced  prior,  or  posterior,  to> 
the  consolidation  of  the  rock.  In  considering  this  question,  I  leave  out  of  sight  altogether 
evidence  of  fluxion  .structure  as  being  really  irrelevant  to  the  question  at  bsue,  though  1  think 
it  material  to  state  that  the  rock  does  show  very  decided  evidence  of  fluxion.  Without  laying 
any  stress  on  this  fact,  however,  I  think  the  following  considerations  prove  that  the  foliation  was 
not  produced  by  pressure  acting  on  the  rock  after  its  consolidation. 

"  First,  the  granite  is  not  always  foliated  at  its  contact  with  the  rocks  into  which  it  has  been 
intruded ;  on  the  contrary,  though  still  porphyritic,  it  is  not  unfrequently  decidedly  granitic 
along  its  margin.  This  fact  presents  no  difficulty  to  the  acceptance  of  the  hypothesis  advocated 
below,  but  I  think  it  offers  an  insuperable  barrier  to  the  acceptance  of  the  view  that  the  folia- 
tion was  produced  by  pressure.  Simple  pressure  will  not  do:  that  would  not  explain  the 
crumpled  micas  and  the  very  decided  evidence  of  flow  or  fluxion.  Pressure  resulting  in  shear 
motion,  the  development  of  heat  and  concomitant  chemical  and  mineralogical  action,  might 
possibly  account  for  the  fluxion  structure  ;  but  if  shear  and  motion  were  established  on  the 
grand  scale  required  after  the  consolidation  of  the  rock,  the  granitic  portions  along  the  margins 
could  not  possibly  have  escaped  the  effects  of  this  action. 

"  Secondly,  the  apparently  capricious  passage  from  a  granitic  to  a  foliated  structure  in  the 
main  mass  of  the  granite  is  another  serious  impediment  in  the  way  of  the  acceptance  of 
the  theory  of  dry  pressure.' 

**  Thirdly,  the  conjunction  of  the  outer  band  of  gneissose  granite  at  Dalhousie  with  the 
carboniferous  series  presents  another  almost  insuperable  difficulty.  The  outer  band  is  the 
most  intensely  foliated  of  all  the  Dalhousie  granite.  Parts  of  it  look  as  if  it  had  been  rolled 
under  a  gigantic  steam  roller.  Unquestionably  it  has  been  subjected  to  very  great  pressure, 
and  to  either  traction  or  shearing ;  and  yet  this  rock  is  chock  and  block  with  little  altered  black 
carboniferous  rocks.  He  who  would  apply  the  dry-pressure  theory  to  explain  the  intense 
foliation  of  the  outer  band  of  granite,  would  have  to  invent  a  new  set  of  conditions  out  of  hiM 
inner  consciousness  and  bring  some  other  rock  into  position  next  the  granite  before  he  applied 
the  squeeze. 

1  I  use  this  exprcMion  a^  a  short  term  to  indi«  ate  pressure  applcd  aft€r  the  consolidation  of  a  rock,  though 
of  courMf  I  am  aware  that  prcMurc  so  applied  may  produce  heat  and  even  fusion 


PART  4.]        McMahon  :  Remarks  on  Pressure  Metamorphism.  205 

"  Fourthly,  the  condition  of  the  long  tent-peg-like  splinter  of  schist  included  iu  the  granite, 
alluded  to  above,'  shows  conclusively  that  the  granite  at  the  point  where  the  inclusion  was 
found  was  not  subjected  to  extreme  pressure  of  the  character  under  consideration  after  its 
consolidation.  Had  it  been,  the  splinter  of  schist  would  have  been  flattened  to  a  wafer.  A 
mere  glance  at  the  plate,  a  photograph  reproduced  by  the  heliogravure  process,  will  show  this 
at  once. 

"Fifthly,  neither  the  crypto-crystalline  mica,  nor  the  fish-roe  quartz,  described  an^^, can 
possibly  have  been  produced  by  the  grinding  down  of  the  mica  and  the  quartz  in  the  consoli- 
dated rocki  or  by  any  analogous  process  ;  for,  besides  the  crypto-crystalline  mica,  and  the  fish- 
roe  quartz,  we  have  very  numerous  large  crystals  of  muscovite,  biotite,  and  quartz.  The 
muscovite  and  biotite  are  large  and  beautiful  specimens  of  these  minerals,  and  they  orient  in  all 
directions  and  at  every  angle  up  to  a  right  angle  to  the  strings  of  crypto-crystalline  mica. 
Mechanical  action  potent  enough  to  have  reduced  mica  to  the  pulpy  condition  of  the  crypto, 
crystalline  mica  would  not  have  left  the  larger  micas  untouched.  Similarly,  the  fish-roe  quartz 
not  only  fills  cracks  in  felspars,  and  forms  a  sort  of  setting  to  quartz  grains,  but  it  meanders 
about  in  the  interior  of  large  quartz  grains,  and  terminates  abruptly  inside  them,  in  a  way  that 
does  not  suggest  to  the  observer  that  he  is  looking  at  cracks  stopped  with  micro-crystalline 
quartz,  but  rather  that  the  crystallization  of  the  quartz  was  brought  to  a  comparatively  rapid 
termination  towards  its  close. 

"  Indeed,  properly  considered,  I  think  the  crypto-crystalline  mica,  and  the  fish-roe  quartz, 
furnish  a  clue  to  the  riddle.  I  may  mention  in  passing  that  I  have  observed  in  a  felsite 
patches  of  material  closely  resembling  the  crypto-crystalline  mica  mixed  up  with  the  quartz 
and  the  ordinary  felsitic  base;  but  I  desire  more  particularly  to  refer  to  a  series  of  rocks  which 
occur  in  the  peninsula  of  India  about  eighty-five  miles  nearly  due  west  of  Delhi.  We  have 
there  a  very  interesting  group  ranging  from  felsites,  quartz-porphyries,  and  granite-porphy- 
ries to  almost  true  granites.  The  felsites  appear  to  be  true  lavas  ;  and  the  others,  though 
merging  gradually  into  rocks  of  plutonic  character,  are  probably  more  or  less  directly  connected 
with  them.  These  rocks  never  show  any  trace  of  foliation,  or  give  any  indication  of  crushing. 
But  what  is  important  to  note  is,  that  the  gradual  genesis,  so  to  speak,  of  the  fish-roe  quartz 
may  be  observed  in  these  rocks.  The  quartz  gradually  becomes  more  and  more  developed  in 
the  felsitic  base ;  it  begins  to  crystallize  out  in  grains  of  microscopic  size,  and  the  grains 
increase  in  number,  until  at  last  ths  whole  base,  or  ground-mass,  of  the  granite-porphyries 
partakes  closely  of  the  characters  of  the  fish -roe  quartz  of  the  Dalhousie  granite.  The  true 
explanation  of  the  foliation  of  the  latter  rock  I  believe  to  be  briefly  as  follows  : — The  rock  had 
partially  consolidated  before  it  was  moved  into  place  ;  large  porphyritic  crystals  of  felspar,  and 
numerous  micas  and  quartz  grains  had  formed  ;  it  was  very  much  in  the  condition  of  a  felspar- 
porphjrry,  or  a  granite-porphyry  ;  when,  in  the  course  of  the  earth-movements  that  were  con- 
torting, crumpling,  and  folding  the  strata  of  the  Himalayas,  this  imperfectly  consolidated 
granite-porphyry  was  forced  through  the  faults  that  had  been  formed  along  the  axes  of  over 
thrust-folds;  the  semi -plastic  mass  was  subjected  to  enormous  pressure;  the  mica  was 
crumpled ;  the  crystals  of  felspar  were  cracked  and  ruptured ;  and  so  much  of  the  micaceous 
siliceous  materials  as  remained  unconsolidated  were  forced  into  the  rents  made  in  the  already 
formed  minerals.  The  final  consolidation  took  place  under  conditions  of  continued  strain  ; 
but  before  it  was  actually  accomplished  minor  and  subsidiary  eruptions  took  place  which  forced 
new  supplies  of  the  granitic  material  into  fissures  formed  in  the  previously  injected  rock,  and 
this  fresh  material  consolidated  under  conditions  somewhat  different  from  those  of  the  first 
eruptions. 

"  I  think  this  view  meets  all  the  difficulties  of  the  case,  and  that  the  intelligent  reader  will 
with  its  aid  be  able  to  harmonize  all  the  facts  stated  above  without  detailed  exposition  on  my 
part." 

1  See  Records  G.  S.  XVII,  p.  168. 
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Cavities — see  Glass  and  Stone. 

liquid,  with  moving  bubbles  in  quartz  of  Aden  trachytes  .         .       XVI,  153,  158 

„  in  secondary  quartz  in  amygdules       XV,  z6z;  XVI,  179 

XIX,    73 
II  II        ,f  veins  in  felsite      .         .  XVIII,    96 

in  secondary  calcite XIX,  119 

„  epidote XIX,    74 

secondary  liquid  cavities  not  distinguishable  from  primary  cavities  .     XIX,  119 


II 
II 
II 
II 
II 


X,  211 
X,  211 

X,  205 

X,  210 

II  X,  204 

42;  XX,  107,  no 
XVI,  37i    41 
XII,  66;  XVIII,    81 
XVIII,  80,    81 
.    XVII,    36 
.       XV,    40 
.       XV,    36 
.      XIV,  306 
XVI,  190 
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Cavities  (liquid)  abundant  in  the  gneissose -granite  up  to  point  of  contact 

with  adiacent  rocks XVI,  141 ;  XVII,  17a 

Cavities  (liquid)  absent  from  the  schists' in  contact  with  the  gneissose-granite .         •     XVI|  X41 
„  „      absent  from  the  fragments  of  rocks  included  in  the  gneissose- 

granite •         .         .  XVII,  17a 

y,  ,,      absence  in  above  cases,  due  to  contact  action       •         .         •    XVI,    141,  143 

„  „       in  microliths  in  gneissose-granite       •••«••    XVI,  130 

„  „  „  ,,         compared  with  similar  cavities  in 

the  microliths  in  the  Aden  Trachytes        .         •         •         •         •    XVI,  149 
Central  gneiss,  see  gneiss. 

Chamba,  notes  on  the  geology  of— XIV,  305  ;  XV,  34;  XVI,  35 ;  XVII,  34 ;  XVIII,  79 

Chansel  Peaks         •••••••••%«•  X,  219 

Chepal X,  209 

Chemical  analysis,  difficulties  in  the  way  of  ^accuracy,  illustrated  by  micro- 
scope         XV,  161 ;  XVI,    47 

Chiastolite  schists  near  Chango XII,    60 

„  „      at  Tusham XVII,  105,  106 

Chini      ....•.•••..•••  X,  S2I 

Chlorite,  viridite  passing  into  vermicular  chlorite «        XV,  160 

„         pseudomorphic  after  garnet XVII,    62 

Chor,  diorite  of XX,  iia 

Chuari,  geology  of •         •         •    XVII,    34 

Conglomerate  (Blaini)  at  and  round  Simla  ..••.•  X,  304 — 214 

„  in  Chamba  area  .  XIV,  306— 310;  XVI,  37—42;  XVIII,  83— no 

,,  ,,  ,,      correlated  to  Blaini  conglomerate  •         •  •      XIV,  306 

„  „  „      apparent  thickness  of,  due  to  isoclinal  folding         •     XIV,  307 

XVIII,  106—109 

„  „  „      probable  age  of XIV,  309 

„  „  „      resemblance  to  a  boulder  bed  of  ice  origin         •         •    XIV>  307 

„  (river)  at  Balori XVIII.    80 

„  „        on  Chandan  Namo  Pass  and  neighbourhood  .         .    XII,  66;  XVIII,    8t 

„  „        at  Bilaspur  on  the  Satlej XVIII,     80 

„         in  Spiti XII,  63,  64 

Cooling,  evidence  of  rapid,  in  an  igneous  rock       ....       XVI,  45,  47,  50,  179,  180 

Contact  metamorphism  operates  in  two  ways        .  •  .  ,  XVI,    137  ;  XVII,    172 

„  produces  mineralogical  and  structural  changes  XVI,  141;  XVII,  172 

Cracks  in  minerals  sometimes  due  to  codling        ...  X,  222  ;    XV,  157  ;  XX,  113 

Crinoidal  limestones XIV,  309 ;  XVI,    40 

Crystallization  cramped  by  contemporaneous  formation  of  other  crystals  .       XVI,   45 — 48 

Crystallites  in  Aden  pitch-stones XVI,  155 

Cryptocrystalline  mica,  a  characteristic    variety    in  the   gneissose-granite 

XVI,  131,  142,  191 ;  XVII,    6S 
,,  ,,         in  a  quart*  trachyte  from  Aden       .....     XVI,  151 

Dagshai  group  at  Bhond  ...........     XVI,    35 

„       sandstone,  microscopic  structure  of         ......  .    XVI,  188 

Dalhousie,  geology  of .      XV,    34 

„  rocks,  microscopic  structure  of  XVI,  129.  178,  186;  XVII,  64,  168;  XVIII,    93 

„  section  from,  to  Pangi XIV,  305;  XVIII,  lOl 

Darang  traps,  microscopic  structure  of XV,  155 

Deccan  traps,  microscopic  structure  of        .  .....  XVI,  42;  XX,   107 

,,  compared  with  Rajmahal  traps       .......       XX,  104 

Delhi  quartzite  microscopic  structure  of     .......  ,    XVII,  103 

Denudation  of  Himalayas,  rate  of,  discussed       .......       XII,    66 
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Deora,  the  capital  of  the  Juhal  State  • X,  216 

Deosir,  granite  of XVII,  114 

Dhalbhum,  image  stones  of •         .         .         .         .        XX,    43 

DhularDhar XIV,  30S;  XV,  34J  XVl,  liag 

Diabase,  dyke  in  the  gneissose  granite        .•...•••      XVI.     36 

Diorite,  foliated  of  Satlej  valley -.         .  XIX,  67—85 

„  foliation  of,  due  to  pressure  metamorphism  .  v  •  .  •  XIX,  80,  8x,  Sj 
,y  intrusive  in  nummalitics  .■%••.•••  XIX,  118 
„      of  Narkanda  ....%••»,••      XIX,     74 

„       of  Rajmahal  group        »••..••...       XX,  106 
Dip,  converging  dip  characteristic  of  Simla  region  accounted  for  .         •         •  X,  208 

Disturbance  subsequent  to  the  sculpturing  of  Himalayas      .         •         «         •  X,  flo8,  XIV,  309 

Dolerite  of  the  Chor XIX,  112 

Dosi,  granitoid-eneiss  of »         .         •     XVII,  101 

Elevation  of  Himalayas  continued  into  recent  geological  times     •         .         .         .  XVIII,    81 
Enstatite  diorite  of  the  Rajmahal  group      ,         •         ,         •         .   '     .         .  •       XX,  106 

Enstatite-bearing  rocks  of  Ladak       .         , •         .      XIX,  i  f  5 

Fagu X.  213;  XIX,    85 

Faults  in  the  Dalhousie  region  .         •         .        XV,  35,  36,  39,  49 ;  XVII,  3$ ;  XVIII,  xo6— 108 

„      „    „    Simla  „ X,  204,  205,  208,  214 ;  XIX,  85,  86 

„      „    „    Satlej  valley XIX,  67, 68,  86,  87 

PeUites  of  Bhandal XVIII,    95 

i»        f>  Malani     ••.••..•..••      XIX,  xoi 

„        „  Tusham XVII,  108 

Fela4>ar  (triclinic),  albite  macles  so  arranged  as  to  resemble  Carlsbad  twins   .         •        XV,  159 

„       fibrous  variety •         .         .         •      XVI,  131 

,y       opacity  sometimes  due  to  gas  and  air  pores   ......  ib. 

Pluzion  structure  in  basalt  porphyry  of  Chamba  area  ......    XVIII,    9^ 

„  o  II  Felsites  of  Tusham •     XVII,  109 

M  H         9t        n       compared  with  that  in  gneissose-granite  •         .         •  ib. 

„  „  „  felsites  of  MaUni         ••......      XIX,  165 

M  n  II  the  gneissose-granite  .        XVI,  132,  134,  140;  XVII,  65,  66;  XVIII,    80 

If  ,1  fi  in  granite XVII,     54 

,i  „  „  in  the  quartz  trachytes  of  Aden    ......       XVI»  152 

Foliation,  cases  of,  in  rocks  of  undoubted  eruptive  origin     .         •         .         .         «   XVIII,  103 
-„  of  Dalhousie  gneissose-granite  not  due  to  pressure  metamorphism  .        XX,  203 

Foliated  diorites  of  Satlej  valley XIX,  80-85 

„       diabase  in  Bhandal  valley XVI,    36 

Fragments  of  slates  and  schists  imbedded  in  gneissose-granite     ....     XVII,  168 
Fusion,  aqueo-igneous,  evidence  of,  in  gneissose-granite      .....     XVII,     71 

ixaar,  image  stones XX,    43 

Gaora,  rocks  at        ...••.•••..         •      XIX,    69 
Garnets,  feeble  double  refraction  in  some  .         ......         •XVII«56,  62 

„        with  well  defined  crystailographic  outline  in  granite        .         .         ,         •     XVII,    61 
„        changed  into  chlorife  ........*     XVII,    62 

„         containing  fluid  cavities  with  moving  bubbles         .         .  .  XVI,  134;  XVIII,    80 

„         in  the  trachytes  of  Aden ,  XVI,  149,  152,  153,  157 

Glaciers,  evidence  of  ancient,  in  neighbourhood  of  Dalhouf  ie       •         .    XV,    49 ;  XVIII,    87 
„  „  „         in  the  Pangi  valley  .•.,..       XIV,  310 

„  ,»  ,,         in  Spiti  .  .         •         .   •      •         .         .         .        XII,     66 

„     pseudo  evidence  of,  on  skirts  of  Himalayas      ..•••.      XVII,    36 

Glassy  base  included  in  felspars  at  time  of  crystallization XVI,  i8t 

Glass  cavities  in  the  felspar  of  Bombay  basalts  ..•.••  XVI,  42,  43 
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Glass  cavities,  evidence  of  the  volcanic  origin  of  a  rock XVI,    43 

n  II       in  sanidine  in  Aden  trachytes  .         •         .         •        XVI,  148,  152,  1561  157 

„    base,  enclosed  in  felspar  crystals,  evidence  of  rapid  cooling   .         .       XVI»    50,  179,  181 

Globulites  or  rounded  discs[of  quartz  in  granitoid  quarts  porphyries        .         .    XVII«  111,  112 

„         of  augite  .         .' XVI,  146 

Globular  silica  in  Aden  trachytes  •••....       XVI,  1451  153,  154 

Gneiss,  central,  see  gneissose-granite. 

Gneissose-granite,  term  substituted  for  "granitoid  gneiss  "  and  '*  Central 

gneiss  " XVI,  143  ;  XVIII,  IQ3 

,»  „        outcrops  described  .         .   X,  204 ;  XII,  61 ;  XIV,  308 ;  XV,  44 ;  XVI,    38 

XVII,  35;  XVin,79;  XIX.    ti 
„        pseudo  bedding  due  to  jointing  .         •     XV,  44;  XVIII,  80;  XIX,    66 

„        probably  of  tertiary  age   ........    XVI,  192 

„        exposed  when  the  Siwaliks  were  deposited         •         •         •         .      XV,    34 
„  „        foliation  of,  not  due  to  pressure  metamorphism  ....       XX,  204 

Stratigraphical  evidence  of  eruptive  origin, 

„  „        contact  metamorphism  produced  by  it  .         XV,  41  ;  XVI,  141,  142 

„  „        sends  tongues  and   veins   into  adjoining  rocks  XV,  44,45;  XVI,  133; 

XVII,  35  ;  XVIII.  80,  103,  and  foot-note. 
„  „        appears  at  different  horizons  .         .         .    XVIII,  105,  106;  XIX,    87 

„        contains  veins  similar  to  those  attributed  to  shrinkage  on 

cooling  in  granites  of  admittedly  eruptive  origin     .  .         .  XVIII,  103 

„        contains  foreign  fragments  imbedded  in  it        •         •      XV,  49 ;  XVII,  168 

Microscopical  evidence  of  igneous  origin, 

„        was  made  plastic  by  hydro-thermal  agencies  X,  22a  ;  XVI,  140 ;  XVII 

69 

„  „        contains  microliths  with  contraction  cavities  X,  222;  XVI,  130,    XVII, 

60,6s 

„        displays  fluxion  structure  XVI,  132,  133,  140;  XVII,  66;  XVIII.    80 

„        contains  "stone  cavities"  with  endo minerals  X,  222;  XVII,  66 \  XVIII 

80 
„        opacite  embracing  previously-formed  microliths  X,  223 ;  XVII, 

S9»  60,  63 
„  ,,  „         microliths  with  shrinkage  cracks  X,    222 ;  XVII,  60,   64,    69 

„  „  „        gas  pores  some  elongated  in  direction  of  flow  XVI,  132,  XVII, 

59;  XVIII,  80 
Granitic  intrusion  into  Himalayan  area  not  limited  to  one  period  .         .         •      XVI,  191 

Granite,  eruptive,  of  Spiti XII,  60^  6a 

„  „        of  Pangi  (Chamba) XIV,  305 

Granite,  eruptive,  in  neighbourhood  of  Narnoul XVII,  102 

„  „        in  Satlej  valley       .         .         .         .  X,  218,  219,  221 ;  XII,  57;  XIX,  70,    71 

„  „        atTusham  XVII,  iii 

Granite  porphyry  shades  into  quartz  porphyry  .•••••     XVII,  117 

Grooves  in  granitoid  gneiss  from  subaerial  action         ......    XVII,  102 

Gya  image  stones    .         .         .         .         •         .         •         •       •  •  •         •         •        XX,    43 

Hangrang       ••..•••.•••••        XII,    57 

Hattu  X,  217;  XVII,  60.  68;  XIX,  66,     86 

Haematite  in  dendritic  forms XVI,  152 

Himalayas,  g^radual  and  continued  rise  of  ....         .XII,  66  \  XVIII,  81,  no 

central,  eruptive  rocks  of        ........      XIX,  115 

history  of,  briefly  indicated  XV,  50;  XVIII,  no 

Hulh,  valley  of XVI,    36 

Hornblende  andesites  of  Hulh XVIII,    99 
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Hornblende  schists  of  the  Chor  and  Simla  areas         ......        XX,  xi6 

„        „        Satlej  valley X,  218,219:  XIX,    65 

embryonic  condition  of,  in  Aden  trachytes        •         .         •         •        XVI,  151,  154 
Hundes,  diorite  intrusive  in  nummulitics  ...••••      XIX,  xi8 

Hutchinson,  Dr,  on  geology  of  Pangi XVIII,    90 

Ice,  Silurian  conglomerate  attributed  to  ice  action XIV,  307 

„    action  in  neighbourhood  of  Dalhousie  .......  XV,  49,     50 

Ilmenite  in  some  cases  a  secondary  mineral XX,  1x5 

Image  stones XX,    43 

Inclusions  in  the  granitoid  gneiss XV,    49 

„         in  grranite        ...••...••.     XVII,  x68 

Infra-Krol,  variations  in  thickness     .         .         • X,  208 

Jako  rocks  • X,  208 ;  XIX,    85 

Jangi X,  22X ;  XII.    57 

Jubal • X,  209,  216 

Kajidr  commonly  mistaken  for  a  crater     •         .      *  .         •         •         .         •         .      XVII,  xoi 

Kill  Cho  valley XVIII,    87 

Kasauli  plant  bed,  microscopic  character  of       ..•••.        XVI,  186    187 

)f      gi'oup  at  Bhond XVI,    35 

Kashmir  traps  compared  with  those  of  Dalhousie XV,    35 

Khanak,  rocks  of XVII,  113 

Kotpeak X,  21 7;  XVII,  59;  XIX,  66,    69 

Kotegarh X,  214  ;  XIX;  66,  69,  86,    88 

Kyanite  in  the  crystalline  rocks  of  the  Satlej  valley X,  2x9,  XII,    60 

Ladak,  the  peridotites  of XIX,  115 

„      Volcanic  ash  of XIX«  i  x8 

Liquid  cavities,  see  cavities. 

Limestones,  Carbotriassic  X,  212,  213 ;  XII,  65 ;  XIV,  305 ;  XV,  36 ;  XVII,  34 ;  XVIII, 

79;    XIX,    8s 

„  of  Chango  and  Chandan  Namo  Pass XII,    61 

„  crinoidal XIV,  306;  XVI,    40 

in  Hangrang  Pass  and  Hango XII,  58—60 

in  Pangi  (Chamba) XIV.  308;  XVIII,  90,    9a 

Magnetite,  skeleton  crystals  of,  characteristic  of  volcanic  rocks  and  slags  .         •         .  XV,  160 

„  dendritical  forms  of,  in  Aden  trachytes •        XVI,     148 

Mabasu X,  2x1 

Malani  rocks,  microscopic  structure  of  ...•.,.         .  XIX,  161 

Mandi,  traps  of XV,  155 

Markhar,  river  Ladak,  eruptive  rocks  of XIX,  115 

Mattiana X,  211,  214;  XIX,    86 

Melaphyre.  reasons  for  discarding  the  term XVI,  184 

Metamorphism,  extent  of,  a  general  test  of  age XV,    4a 

„  contact,  changes  produced  by  .         .         .  XVI,  137,  X41,  142;  XVII,  172 

„  of  the  Dalhousie  gneissose-granite  not  doe  to  heat  as  a  pro* 

duct  of  pressure XV.  39,  45,    46 

„  not  caused  by  plutonic  heat XV,  46,    47 

„  pressure*    Some  remarks  on XX,  203 

„  ^      cause  of  .         .XV.  47 ;  XVI,  143 ;  XVII,  68,  71 ;  XVIII,  102 ;  XX,  203 

„  of  some  Silurian  and  carboniferous  rocks  may  have  been  pro* 

duced  by  heat  as  a  product  of  tangential  pressure  •         •         .  XV,    45 

„  resulting  information  of  hydro*mica  schists  does   not  require 

the  agency  of  great  heat,    .         ;         .         ,         .     XVI,  143  ;  XVIII,  84,  85 
lliicft,  cryptocrystalline  variety  described XVI,  131,  132 


If 
it 
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Mica,  in  dolerite  sometimes  a  secondary  product        •-•••••        XX^  fcl5 
,y       points  of  difference  between  mica  in  rocks  of  emptiTe  and  sedimen* 

tary  origin h         .      XVI,  133 ;  XVII,  169 

„       crumpled  from  strain  and  traction  ......      XVI,  133 ;  XVII,    70 

„       pseudomorphs  after  augite XV,  158^  IS9 

Microcltne,  abundant  in  the  gneissose-granite  of  Dalbousie  •  XVI,  130,  131 ;  XVII,  64 

Microliths  of  silvery  mica         •         .         .         .        « XVI,  131 

„        shrinkage  cavities  in,  an  evidence  of  heat    X,   aas;  XVI,  130,  149s  XVII,  60, 64, 69 

>i  „  a  quartxite •        XVI,  104 

Vi        containing  liquid  cavities «         •         •         •      XVII,    65 

Moraine,  see  Glacier. 

Kahan  sandstone  microscopic  structure  of .         •         •         •         .         •         ,         .       XVI,  188 

Narkanda       .         .         « X,  314 ;  XIX,  66,  77,     79 

Negative  crystals XVII,  102,  104,  11  a,  114 

Nigana XVII,  114 

Nogli  river #..•••«•  Xy  915 

Nummulitics  caught  up  in  a  fold  of  the  Blaini    ..•...,  X,  ao8 

Olivine,  gerneally  absent  in  Deccan  and  Rajmahal  traps  •  .  «  XVI,  4a,  49;  XX,  no 
„  how  far  its  absence  affects  the  classification  of  a  rock  •  •  •  ^  •  ih* 
„  presence  of,  not  to  be  expected  in  highly  altered  rock  •  ^  .XVy  163;  XX,  in 
„  black,  similar  to  that  in  the  Scotch  peridotites  ••••-•  XX,  113 
„  cracks  in,  caused  by  strain  at  time  of  cooling .  •  •  •  •  •  XX,  X13 
Opacite  formed  on  microliths  common  to  Aden  lavas,  and  gneissose-granite  of 

Himalayas ,      XVI,  149;  XVII,    59 

„      deposited  in  glass  cavities •         •         «     XVII,    63 

„      in  granules  represents  magnetite  imperfectly  crystallised  •         «         ,        XV,  160 

Organic  structures  simulated  in  granite      .         •         •         •         •     ^    «         •         «     XVII,    55 
Orthoclase,  fibrous  variety  referred  to  microdiae       «•••••      XVI,  131 

Pabar  valley •••••••  X,  219 

Pangi  (Satlej  valley) ,        XII,    57 

,     <Chamba  valley) XIV,  305 ;  XVIII,    90 

Parallelism  of  structure  in  granite  due  to  traction  acting  on  a  partially  cooled 

mass XVI,  143;  XVII,  68,  71;  XVIII.  102 

Paunda  . •,,,,.  X,  ai8 

Peridotites  of  Central  Himalayas ,     XIX,  115 

Plagioclase,  dusty  appearance  of  borders  of XVI.  154 

Porphyr4tic  trap  of  the  Bhandal  area XVI,  ^  XVIH,  83,    96 

„         crystals  not  necessarily  of  different  "generation  "  from  the  small 

crystals  of  the  ground-mass         ••#••••        XX,  105 

„  pressure  metamorphism  •••••••.       XX,  aos 

Puga,  eruptive  rocks  of     .....,,,,,.      XIX,  115 

Shali  peak ♦         .         .         •  X,  an,  ai4 

Shankan  ridge •         •         •         •         •  X,  215 

Sihunta,  geology  of  ......         , XVII,    34 

Silurian  series  in  the  Dalhousie  area  •••...,.      XV,    40 

,1      conglomerate,  see  Conglomerate. 

Simla,  geology  of X,  204;  XIX,  82,     85 

„      slates,  of  Silurian  age XIV,  308 

„      toWangtu XIX,     65 

Sirmur  series,  evidence  of  microscope  as  to  their  origin        •         •         •         .         .     XVI,  190 

„      at  Bhond XVI,    35 

„         „      cut  off  by  fault  south  of  Chuari      .....         XV,  36 ;  XVII,   35 
„      microscopic  structure  of XVI,  i85 
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SiwaHk  sandstones,  microscopic  structure  of       ••••«••      XVI,  188 
Slates,  fragments  of  imbedded  in  granite    ...•••••    XVII,  i68 

„      microscopic  structure  of •         •      XVI,  133 

„               „                 „            compared  with  ground-mass  of  quartz   por- 
phyry       XVII,  108,  109 

„     effects  of  contact  metamorphism  on  •         •         •         •    XVI,  133— 142;  XVII,  168 

„     effects  of  regional  (?)  metamorphism  on    ••••••         •      XX,    4$ 

Sodium  chloride  deposits  in  liquid  cavities  .•••••      XVII,  103,  115 

Spiti,  notes  of  a  tour  through    .         •         .         •         «        ^         •         •         •         .       XII,    $7 

Stone  cavities  in  felspar  of  Bombay  basalts         •••..-••     XVI,    43 

M         >f       a  characteristic  of  igneous  rocks    •         •         .         .         .X,  222;  XVII,  5^f    ^ 

„  „       in  gneissose-granite         X,  222;  XVI,  130;  XVII,  59,  62,  63,  67,  69;  XVIII,    80 

•I  II       in  granitoid  gneiss  of  Dosi     .••.••••   XVII,  IQ3 

„  „       in  granite  of  Himalayas XVII,  54*  55,    69 

„  „       in  the  sanidine  of  Aden  trachytes  XVI,  148,  X51,  152,  156,  X57;  XVII,    71 

Strain,  evidence  of,  in  gneissose-granite  of  Himalayas  XVI,  130,  133,  143  ;  XVII,  62,   65, 

66,  70;  XVIII,  80,104 

9,  „  „      eruptive  granite  of  Himalayas XVII,    68 

Stratigraphy  of  the  Dalhousie  area XVIII,  loi 

,9  „       Simla  and  Satlej  valley  section     •         •         •         •         •         .      XIX,    85 

Sungri X,  218 

Taranda •         •         •         •  X,  218 

Taroche ^         •         •  X,  209 

Thiog ^  X,  211 

Pumice  of  Aden .       XVI,  156 

Quarti  in  globular  discs  • XVII,  1 11,  112 

„         "  globular  "  in  the  Aden  trachytes        •>••••         •  XVI,  145, 153,  154 
„      of  granite,  some  characteristics  of  .         •         ^         .         ^         XVI,  X30;  XVII,  03 

polysynthetic  structure  of,  characteristic  of  the  gneissose-granite  of 

Dalhousie  .  .  .  XVI,  130 ;  XVII,  64 ;  XVIII,  80 
„  in  eruptive  granite  -..*..  XVII,  54,  68 
„    in  quartz-porphyry   .         .         •         ^         .         .    XVII,     no 

„      residual  In  quartz-trachytes  of  Aden ,      XVI,     151 

„      of  secondary  origin  full  of  liquid  cavities  with  moving  bubbles        XV,  t6o,  161 ;  XVIf 

179;  XIX,    73 

Quartz-diorites  of  Satlej  valley XIX,    65 

Quartz- porphyry  of  Arvdli  series ,       XVII,  106 

Quartz-trachytes  of  Aden        ••.••••••.        XVI,  151 

Quartzites  of  Delhi,  microscopic  structure  of ,       XVII,  103 

Rajmahal  traps,   microscopic  character  of       ...,,.         ,  XX,  104 

„        and  Deccan  traps  compared ,  XX,  no 

Rampore  traps •      X,  215  ;  XIX,  67,  68,  72,  79 

Rivra  conglomerate  near  Chango XII,  66;  XVIII,    81 

in  Chamba XVIII,     80 

on  the  Satlej XVIII,    81 

Rupin  Pass X,  219 

SichPass XIV,  307;  XVIII,  100 

Satlej  valley  amphibolites  and  quartz-diorites ,         XIX;    65 

,.        ,,      granite  and  gneissose-granite       .         .         .X,  218—221 ;  XVII,  53;  XIX,    6$ 

Sand,  wind  laden  with,  an  agent  of  erosion ,         ,       XVII,  loi 

Sangla X,  218 

Sanidine,  dusty  appearance  along  borders  of  .         .         •         .         ,         »  XVI,  148,  151,  154 
Sarhan X,2i8,  XIX,    69 
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Schists,  fragments  of,  imbedded  in  granite ,  XVII,  i68 

Schorl,  reheating  of  after  crystallization XVI,  134,   135,  142 

Section  (diagrammatic)  of  Himalayas  from  Dalhousie  to  Sdch  Pass  •         ,  XVI 11,  106 

II  II  II  H  11         If  ChanjdJ  .         .         .  XVIII,  107 

fi  ,»  I.  ,*     Himgirlto  Digi  .         .         .         .  XVIII,   108 

Trachytes  of  Aden XV,  148 

Traction,  evidence  of,  in  gneissose-granite  of  Himalayas     .      XVI,  132 — 134,  140;  XVII,  65, 

66;  XVIII,  80 

Tourmaline,  evidence  of,  reheating  after  crystallization  .         .         •      XVI,  134,  135,  142 

Trap  of  Chamba- Dalhousie  area  XV,  34;  XVI,  36,  39—41  ;  XVII,  34 ;  XVIII,  82—86.  89 

t,  „  II  „    microscopic  characters  of       .  .    XVI,  178;  XVIII,  93 

II  II  II  ,.    ageof  .         .         .         .   XV,  34, 37;  XVIII,  92;  XIX,  81 

„        Central  Himalayas XIX,  115 

„        Chor  mountain     •         •         •         .         .         • XX,  xia 

.  „        Darang  and  Mandi XV,    155 

„        Deccan XVI,  42;  XX,  104 

„         Maldni XIX,  161 

„        Rajmahal XX,  104 

,,        Satlej  valley X,  215,  218;  XIX,  67 

„  „  „      microscopic  examination  of XIX,  72 

„        Spiti  XII,  63 

„        Tusham .    XVII,  105 

Trtdymite  in  Aden  trachytes XVI,  154,  155 

Ta£Fy  see  Volcanic  Ash. 

Tusham,  rocks  of XVII,  105 

„        „         correlation  with  Maldni  rocks  suggested       .         .         •         .XIX,  x6i,  1^ 

Unconformity,  apparent,  produced  by  tangential  pressure XVIII,  90 

Volcanic  activity  connected  with  history  of  the  Himalayas    .         .         •     XV,  50;  XVIII,  no 

„        Ash,  Chamba-Dalhoosie  area XV 111,  97,  98 

„  „     Satlej  valley XIX,  68 

„  „     Central  Himalayas     .         .         •         • XIX,  118 

Viridite  passing  into  vermicular  chlorite     ...••...      XV,  160 

Wangtu,  section  from  Simla  to •  X,  2i8tXIX,  65 

Circon  in  some  Dalhousie  rocks  .         « XVI,  136 
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ADDITIONS  TO  THE  MUSEUM. 

From  ist  July  to  30TH  Sbptbmbbr  1887. 

Five  specimens  of  jade,  from  the  jade  quarries,  Burma. 

Prbsbntrd  by  Dr.  R.  Romanis,  Burma. 
Nineteen  pieces  of  garnet  from  Jaipur,  cut  and  polished,  valued  at  Rs.  19-1-2. 

Prrsented  by  the  Jaipur  Durbar,  Jaipur. 
A  piece  of  amber  containing  insects,  from  Palmnicken,  near  Konigsberg,  East  Prussia. 

Prbsbntbd  by  Dr.  F.  Nobtlino. 


ADDITIONS  TO  THE  LIBRARY. 

From  zst  July  to  30TH  Srftbmbbr  1887. 

Titles  of  Books.  Donors. 

BiNNEY,  William  G. — A  manual  of  American  Land  Shells.    8*  Washington,  1885. 

Rbvxnub  and  Agricultural  Dbp4Rtmbnt. 

Bronn's  Klassen  und  Ordnungen  des  Thier-Reichs.    Band  IV,  Wurmer,  lief.  2-4.    8" 

Leipzig,  1887. 
Coal. — Papers  containing  proposals  for  extinguishing  fire  in  the  Warora  Coal  Mines. 

Flsc.  Pam.  Nagpur,  2887.  Chief  Commissioner,  C.  P. 

CoTTEAU,  Gusiav,  Peron, — ,  et  Gauthier, — .  ^hinides  Fossiles  de  V  Alg^rie.    Fasc 

1—9.    8**  Paris,  1883-1885. 
Dagincourt,  Dr. — Annuaire  gdologique  universel  et  guide  du  g^ologie.    Tome  II.    8' 

Paris,  1886.  '  Thb  Author. 

Encyclopaedia  Britannica.    9th  edition.    Vol.  XXII.    4**  Edinburgh,  1887. 

Fischer,  Patt/. — Manuel  de  Conchyliologie  et  de  Pal^ontologie  Conchyliologique  histoire 

naturelle  des  mollusques  vivants  et  fossiles.     Fasc.  XI.    8^  Paris,  1887. 

FoOTB,  /?.  Bruce.— Report  on  the  auriferous  tracts  in  Mysore,  together  with  appen- 
dices by  M.  F.  Lavelle  and  Walter  Marsh.     Flsc.  Bangalore,  1887. 

Revenue  and  Agricultural  Department. 

Fraas,  Oscar, — Aus  dem  Orient.    Thiel  1—2.     8'  Stuttgart,  1867  and  1878. 

Fresenius's  Quantitative  Analysis.    Vol.  II,  pts.    1-2.    Translated  by    Charles   E. 

Groves.    8'  London,  1887. 

GooDE,  G.  Brown, — Descriptive  catalogues  of  the  collections  sent  from  the  U,  S.  to  the 

International  Fisheries  Exhibition,  London,  1883.  ^^  Washington, 
1884.  Revenue  and  Agricultural  Department. 

Gordon,    T.  E, — The  Roof  of  the  World,  being  the  narrative  of  a  journey  over  the 

high  plateau  of  Tibet  to  the  Russian  frontier  and  the  Oxus  sources  on 
Pamir.     8**  Edinburgh,  1876. 

Gosselet,  y. — Esquisse  g^ologique  du  Nord  de  la  France  et  des   contr^es  voisines. 

Fasc.  1—3,    8*  Lille,  1880-1883,  Soc.  GjIol.  du  Nord 

Hebbr,  Right  Rev,  Reginald.'--NairTSit\yt  of  a  journey  through  the  Upper  Provinces  of 

India,  from  Calcutta  to  Bombay,  1 824-1825,  with  notes  upon  Ceylon  : 
an  account  of  a  journey  to  Madras  and  the  Southern  Provinces,  18269 
and  letters  written  in  India.    Vols.  I*— II.    4**  London,  1828. 
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Titles  of  Bookt.  Donors. 

H£iM,  i4/6er^.— Handbuch  der  Gletscherkunde.    8*  Stuttgart,  1885. 

Hbrvbt,  Mrs. — The  adventures  of  a  lady  in  Tartary,  Thibet,  China  and  Kashmir; 

through  portions  of  territory  never  before  visited  by  European,  with 
an  account  of  the  journey  from  the  Punjab  to  Bombay  overland,  vii 
the  famous  caves  of  Adjunta  and  Ellora  :  also  an  account  of  the  Ma- 
hableshwur  and  Neilgherry  mountains,  the  sanitaria  of  the  Bomliay 
and   Madras  Presidencies.     Vols.    1-3.     2nd  editiom     8*  London^ 

1854. 
Lblimani^,  Bugtn, — Principien  der  Organisehen  Synthase.    8**  Berlin,  1887. 

LBPSiUSi  Richard.'^^toXogyt  von  Deutschland  und  den  Angrenzenden  Gebieten.    Band 

I,  lief.  I.    8*  Stuttgart,  1887. 
Lynch,  W.  F.— Official  report  of  the  United  States  expedition  to  explore  the  Dead  Sea 

and  the  river  Jordan.    4^  Baltimore,  1852. 
Martin,  K,  and  Wichmann,  i4.-*Beitr£ge  zur  Geologie  Ost-Asiens  und  Australiens. 

No.  14.     8*  Leiden,  1887. 
Murray,  Reginald  A.  F, — Victoria :  Geology  and  Physical  Geography.    8*  Melbourne^ 

1887.  MiMlMO    DbPARTMBXT,   VlCTORU. 

NoBTLiifO,  Frif0, — Geologische  Sklzze    der    Umgebung  von  el-Hammi.     8*  Pam. 

Leipzig,  1887.  Thb  Author. 

OwBNi  yohn, — Notes  on  the  Naga  tribes  in  communication  with  Assam.    8*  Calcutta, 

1844* 
Pal6ontologic  Fran9aise.   ires^rie,  Animauxlnvert^br^s.  Terrain  J urassi que,  Crinoides 

livr.  83 ;  Terrain  Tertiaires,  Eocene  ^hinides,  livr.  10.    8®  Paris,  1887. 

Pbtroleum. — Petroleum  and  Kerosene  oil  in  foreign  countries.    8^  Washinton,  1884. 

Revenue  and  Agricultural  Department* 

Qubnstbdt,  Friedrich  August, — Die  Ammoniten  des  Schwabischen  Jura.     Heft.  1-13. 

With  4°  plates.    8"  and  4*  Stuttgart,  1883-1886. 

Rrimann,  CarL — ^Taschenbuch  fur  Mineralogen.     12*  Berlin,  1887. 

Romanowsry,  G,  D, — Materialien  fur  die  Geologie  des  Turkestanischen  Gebietes. 

Lief.  I.    4'  St.  Petersburg,  1878. 

Roth,  yi«^M5.— Allgemeine  und  Chemische  Geologie.     Band  I  &  II,  Abth.  x.2.    8* 

Berlin,  1879-1885. 

Scud  der,  Newton  Pratt, — The  published  writings  of  Isaac  Lea.    8°  Washington,  1885. 

Revenue  and  Agricultural  Department. 

Smith,  S,  Percy  -^Tht  eruption  of  Tarawera,  New  Zealand.    8°  Wellington,  1887. 

Surveyor  General,  N.  Z. 

Stbjneoer,  Leonhard, — Results  of  ornithological  explorations  in  the  Commander  Is- 
lands and  in  Kamtschatka.    8*  Washington,  1885. 

Revenue  and  Agricultural  Department. 

Stewart,  Balfour,  and  Gee,  W,  W.  Haldane, — Lessons  in  elementary  practical  Phy- 
sics.    Vol.  II.     8**  London,  1887. 

The  Norwegian   North-Atlantic  Expedition,  1876-1878.     XVIII.  A.  &  B.    The  North 

Ocean,  its  depths,  temperature  and  circulation,  by  H.  Mohn.  4* 
Christiania,  1887.  The  Comm.  N.  N.  A.  Expedition. 

Thomson,  C.  Wyville,  and  Murray,  *fohn. — Report  on  the  scientific  results  of  the 

voyage  of  H.  M.S.  "Challenger"  during  the  years  1873-76.  Zoo- 
logy, vol.  XVIII,  pts.  1-2,  and  plates;  and  Vol.  XIX.  4**  London, 
1887.  Revenue  and  Agricultural  Department. 
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Titles  of  Books,  Donors, 

TouLA,  FratiM,  and  Kail,  foh^nn  A— Ueber  einen  Krokodil-Schfidel  aiis  den  TertiSr- 

ablagerungen  von  Eggenburg  in  Niederdsterreich.    4^  Pam.    Wien> 

i«8s. 
Waunschaffb,  /'e/ix.— Anleitung    zur    Wissenschaftlichen    Bodenuntersuchung.    8* 

Berlin,  1887. 
Yarrow,  H,  C. — Check  list  of  North  American  Reptitia  and  Batrachia,  with  catalogue 

of  specimens  in  the  U.  S.  National  Museum.    8*  Washington,  1882. 

Rbvbmub  and  Agricultural  Dbpartmbnt. 

ZiTTBL,  Karl  i4.— Handbuch  der  Palaeontologie.    Band  II,  Abth.  II,  lief.  5;  Band  IH* 

Abth.  I,  lief.  x.    S""  Munchen,  1887. 


PERIODICALS,  SERIALS,  &c. 

American  Journal  of    Science.    3'*  series.  Vol.  XXXIII,  Nos.   198-199,  and    Vol. 

XXXIV,  No.  200.    8*  New  Haven,  1887.  The  Editors. 

Annalen  der  Physik  und  Chemie.    Neue  Folge,  Band  XXXI,  heft.  3-5,  and  Band 

XXXII,  heft  I.    8*  Leipzig,  1887. 
Annates  de  G^ologie  et  de  Pal^ontologie  publi6es  sous  la  direction-  du  Marquis  Antoine 

de  Gregorio.    Livr.  1-5.    4®  Palerme,  1886. 
Annales  des  Mines.    8"*'  s^rie,  Tome  IX,  livr.  3,  and  X,  livr.  6.    8*  Paris,  1886. 

Dbpartmbnt  of  Minrs. 

Annales  des  Sciences  Naturelles.    7"*  s^rie,  Botanique,  Tome  V,  Nos.  2*6,  and  Tome 

VI,  No.  I.    8°  Paris,  1887. 
Annales  des   Sciences  Naturelles.      7**  s^ri^  Joologie  et  Pal^ontologie.    Tome  II, 

Nos.  1-4.    8**  Paris,  1887. 
Annals  and  Magazine  of  Natural  History.    3*^  series.  Vol.  XX,  Nos.  115-116.    8% 

London,  1887. 
Athenxum.    Nos.  31 12-3122.    4^  London,  1887. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie.    Band  XI,  Nos.  6-7.    8*  Leipzig, 

1887. 
Biblioth^que  Universelle.    Archives  des  Sciences  Physiques  et  Naturelles.  3"^*  P^riode 

Tome  XVII,  Nos.  4-5.    8°  Geneve,  1887. 
Bibliotheque  Universelle  et  Revue  Suisse.    3"'  P^riode,    Tome  XXXIV,  Nos.  101-102. 

8^  Lausanne,  1887. 
Botanisches  Centralblatt.    Band  XXX,  No.  13,  and  XXXI,  Nos.  1-8.    8**  Cassel,  1887. 
Chemical  News.    Vol.  LV,  Nos.  1438-1440,  and  Vol.  LVI,  Nos.  1441-1448.   4"  London, 

1887. 
Colliery  Guardian.    Vol.  LIII,  Nos.  1381-1383,  and  Vol.  LIV,   Nos.   1384-1391.    Fol. 

London,  1 887. 
Das  Ausland.    Jahrg.  LX,  Nos.  24-34.    4'  Stuttgart,  1887. 

Geographische  Abhandlungen.    Herausgegeben  von  Prof.  Dr.  Albrecht  Penck.    Band 

I,  heft  1-2.    8"  Wien,  1886. 
Geological  Magazine.    New  series.  Decade  III,  Vol.  IV,  Nos.  7-8.    8"  London,  1887. 
Indian  Engineering.     Vol.  II,  Nos.  x-12.    Flsc.  Calcutta,  1887.  P.  Doylb. 

Iron.    Vol.  XXIX,  Nos.  753-755*  and  Vol.  XXX,  Nos.  756-763.     Fol.  London,  1887. 
Journal  de  Conchyliologie.   3"*  s^ie,  Tome  XXVII,  No.  2.    8*  Paris,  1887. 
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Titles  of  Books.  Donors* 

Just's  Botanischer  Jahresbericht.    Jahrg.  XII,  Abth.  II,  h&lfte  a.    8*  Berlin,  1887. 
London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.    5*^ 

series.  Vol.  XXIV,  Nos.  146-147.    8*  Londdn,  1887. 
Miniog  Journal.    Vol.  LV 1 1,  Nos.  2703-2713,    Fol.    London,  1887. 
Naturae  Noviiates.    Jahrg.  IX,  Nos.  10-16.    8°  Berlin,  1887. 
Nature.     Vol.  XXXVI,  Nos.  920-930.    4®  London,  1887. 
Neues  Jahrbuch  fur  Mineralogie,  Geologie  und  Palaeontologie.    Jahrg.  1887,  Band  II« 

heft  I.    8**  Stuttgart,  1887. 
Palaeontographica.     Band  XXXIII,  lief.  4-6.    4''  Stuttgart,  1887. 
Pal^ontologische   Abhandlungen.      Herausgegeben  von   W.  Dames  und  E.  Kayser. 

Band  Mil,  heft  4.    4""  Berlin,  1882-1886. 
Petermann's  Geographische  Mittheilungen.     Band  XXXIII,  Nos. 7-8.    4*  Gotha,  1887. 

„  „  M  Supplement  No.  87.    4"  Gotha,  1887. 

The  Indian  Engineer.    Vol.  Ill,  Nos.  8-12.    4**  Calcutta,  1887.  Newman  &  Co. 

Zeitschrift  fur  Nalurwisserschaften.    Folge  4,  Band  VI,  heft  1-2.    8°  Halle,  1887. 


GOVERNMENT  SELECTIONS,  REPORTS,  &c. 

Bbnoal. — Quarterly   Bengal   Army  List  for  July   1887.     New  series.   No.    10 1.    8* 

Calcutta,  1887.  GovBRNMBNT  OP  India. 

„  The  administration  of  the  Lower  Provinces  of  Bengal  from  1882-83  to  1886-87, 

being  a  supplement  to  the  annual  general  administration  report  for 
1885-86.    Flsc,  Calcutta,  1887.  Government  of  Benoai.. 

Bombay. — Selections  from   the  Records  of  the   Bombay  Government.    New    series* 

Nos.  206-208.    Flsc,  Bombay,  1887.  Bombay  Government. 

Burma. — Twentieth  annual  report  of  the  Lighthouses  off  the  coast  of   Burma  for 

1886.87.    Flsc,  Rangoon,  1887  Chief  Commissioner,  Burma. 

India. — Administration   report  of  the   Marine   Survey  of   India  for   1886-87.     Flsc, 

Bombay,  1887.  Marine  Survey. 

„         Administration   report  on  the  Railways  in   India  for  1886-87.     Part  1.     Flsc 

Simla,  1887.  Public  Works  Department,  India. 

„         Annual   statement   of  the   trade  and  navigation  of  British  India  with  Foreign 

Countries,  and  the  coasting  trade  of  the  several  Presidencies  and  Pro- 
vinces in  the  year  ending  31st  March  1886.  No.  20,  Appendices. 
4"  Calcutta,  1887.  Government  of  India. 

„        Charts  of  the   Bay  of  Bengal  and  adjacent  sea  north  of  the  equator,  shewing 

the  specific  gravity,  temperature  and  currents  of  the  sea  surface.  Fol., 
Calcutta,  1887.  Meteorological  Reporter,  India* 

„        General  report  on  the  operations  of  the  Survey  of  India  Department  during 

1885-86.     Flsc,  Calcutta,  1886,         Survey  of  India  Department. 

„         Handbook  of  Stations  on  Indian  Railways,  corrected  up  to  31st  December  1886. 

8**  Calcutta,  z886.         Revenue  and  Agricultural  Department. 

„         Indian  Meteorological  Memoirs.     Vol.  IV,  pts.  2-3.    4**  Calcutta,  1887, 

Meteorological  Reporter,  India. 

„         List  of  officers  in   the  Survey  Departments,  corrected  to  ist  July  1887.      8* 

Calcutta,  1887.  Revenue  and  Agricultural  Department. 
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India.— Registers  of  original  observations  in  1887,  reduced  and  corrected.     February 

to  May  1887.    4"  Calcutta,  1887. 

Meteorological  Reporter,  India. 

„        Report  on.  the  administration  of  the  Northern  India  Salt  Revenue  Department 

for  1886-87.    4**  Agra,  1887. 

Commissioner,  Northern  India  Salt  Revenue. 

Report  on  the  course  of  instruction  at  the  Forest  School,  Dehra  Dun,  for  1886-87. 
Flsc,  Simla,  1887.  Forest  Department. 

Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department. 
No,  226.    Flsc,  Calcutta,  1887.  Foreign  Department. 

N.-\V.  Provinces. — A  supplement  to  the  Fatehpur  Gazetteer.     By  F.  S.  Growse.     8** 

Allahabad,  1887.  Government,  N.-W.  Provinces. 
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TRANSACTIONS,  PROCEEDINGS,  &c.,  OF  SOCIETIES,  SURVEYS,  &c. 

Adelaide. — Transactions  and  Proceedings  and  Report  of  the  Royal  Society  of  South 

Australia.    Vol.  IX.    8'  Adelaide,  i887.  The  Society. 

Baltimore.— American  Chemical  Journal.    Vol.  IX,  No.  3.    8°  Baltimore,  1887. 

Johns  Hopkins  University. 

American  Journal  of  Mathematics.    Vol,  IX,  No.  4.    4"  Baltimore,  1887. 

Johns  Hopkins  University. 

Johns  Hopkins  University  Circulars,    Vol.  VI,  No.  58.    4°  Baltimore, 
1887.  The  University. 

Johns  Hopkins   University  Studies   in   Historical  and  Political  Science. 

Vol.  V,  Nos.  7-8.    8**  Baltimore,  1887.  The  University. 

„  Studies  from  the  Biological  Laboratory.    Vol.  IV,  No.  i.    8°  Baltimore, 

1887,  Johns  Hopkins  University. 

Basel. — Abhandlungen  der  Schweizerischen  Palaontologischen    Gcsellschaft.     Band 

IX-XIII.    4'  Basel,  1882-1886. 

Natural  History  Society,  Basel. 

Batavia. — Natuurkundig    Tijdschrift    voor    Nedcrlandsch-Indie.    Deel    XLVI.    8* 

Batavia,  1887.  The  Society. 

Bbrlin.— Abhandlungen  der  konig.  Akademie  der  Wissenschaften,  1886,    4®  Berlin, 

1886.  The  Academy. 
,»         Katalog  der  Bibllothek  der  Deutschen  geologischen  Gesellschaft.    8"  Berlin, 

1887.  The  Societt. 
„         Zeitschrift  der  Deutschen  Geologischen  Gesellschaft.    Band  XXXIX,  heft 

I.    8°  Berlin,  1887.  The  Society. 

Bbrn. — Beitrage  zur  Geologischen  Karte  der  Schweiz.     Liv.  XVIII   (1885),  XIX 

(1883),  XXIV  (1886),  and  XXVII  (1883).    With  maps.    4**  Bern, 
1883-1886.  Natural  History  Society,  Basel. 

Bombay.-— Journal  of  the  Bombay  Branch  of  the  Royal  Asiatic  Society.    Vol.  XVIII, 

No.  45,    8°  Bombay,  1887.  The  Society. 

„         Journal  of  the  Bombay  Natural  History  Society.     Vol,  I,  No.  4,  and   II, 
Nos.  1-2.    8*  Bombay,  1886-1887.  The  Society. 
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Bordeaux. — Actes  de  la  Soci^t^  Linn^nne  de  Bordeaux. 

r*  s^rie.  Tome  III  (1829)  to  X  (1838). 
2"*     ,.         „        I  (1839)  and  III  (1843)  to  X  (1855). 
3""     .»        ..        I  (1856)  to  X  (187s). 
4*'     >»        n       I  (1876)  to  IX  (1885).    8"  Bordeaux,  1829-1885. 

The  Socibtt. 

„  Bulletin  d'  histoire  naturelle  de  la  Soci^td  Linn^enne  de  Bordeaux,     a** 

Edition.   Tome  I  (1830)  to  II  (1845).   ^  Bordeaus^  1830-1845.     Coif- 

iinued  as  ActeSm  Thb  Socibtt. 

Boston. — Proceedings  of  the  American  Academy  of  Arts  and  Sciences.    New  series. 

Vol.  XIV,  pt.  I.    8"  Boston,  1887.  The  Acadbmt. 

Brisbane.— Proceedings  and  Transactions  of  the  Queensland  Branch  of  the  Royal 

Geographical  Society  of  Australasia.    VoL  II,  pt.  a.    8*  Brisbane^ 

1887.  The  Socibtt. 

Brussels.— Bulletin  de  la  Soci^t^  Royale  Beige  de  Geographic.    Annde  XI,  No.  a.    8i" 

Bruxelles,  1887.  Thb  Socibtt. 

Budapest.— Termdszetrajid  Fuzetek.    Vol.  X,  No.  4«    8*  Budapest,  1887. 

Hungarian  National  MusBim. 
n  Vezetdk  a  Termdszetrajzi  FQzetek  els5  tiz  iwi  Folyaminak  FpglalatjiUioz. 

1877-1886.    K6szitette  Schmidt  Sdndor.    8*"  Budapest,  1887. 

Hungarian  National  Musbum. 
Buenos  Aires.— Boletin  de  la  Academia  Nacional  de  Ciencias  en  Cordoba.    Tomo 

IX,  Nos.  z-2.    8°  Buenos  Aires,  1886.  Thb  Acadbmt. 

Calcutta.— A  Manual  of  the  Geology  of  India.    Part  IV.  Mineralogy  (maunly  non- 
economic),  by  F.  R.  Mallet.    8^  Calcutta,  1887. 

Geological  SuRVBT  OP  India. 

„  Journal  of  the  Asiatic  Society  of  Bengal.    New  series.  Vol.  LV,  pt.  II, 

No.  5,  and  Vol.  LVI,  part  I,  No.  i,  and  pt  II,  No.  i.    8°  Calcutta, 

1887.  The  Socibtt. 

„  Proceedings  of  the  Asiatic  Society  of  Bengal.  Nos.  V — VII.    8**  Calcutta, 

1887.  Thb  Socibtt. 

,,  Survey  of  India  Department.    Notes  from  May  to  July  1887.    Flsc,  Cal- 

cutta, 1887.  Survbt  of  India. 

Cambridge,  Mass.— Bulletin  of  the  Museum  of  Comparative  Zoology.    Vol.  XIII,  No. 

4.    8""  Cambridge,  Mass.  1887.  Thb  Musbum. 

,,  M       Memoirs  of  the  American  Academy  of  Arts  and  Sciences.     Vol« 

XI,  pt.  4,  No.  5.  4^  Cambridge,  Mass.  1886.    The  Acadbmt. 
Christiania.— Geodatische  Arbeiten,    Heft  V.    4®  Christiania,  1887. 

Norwegian  Commission. 
M  Vandstandsobservationer.     Hefte  IV.    4^  Christiania,  iB87» 

Norwegian  Commission. 
Cincinnati. — ^Journal  of  the  Cincinnati  Society  of  Natural  History.    Vol.  X,  No.  2« 

8°  Cincinnati,  1887.  The  Socibtt. 

Dresden. — Sitzungsberichte  und  Abhandlungen  der  Naturwissenschaftlichen  Gesells- 

chaft    I  sis   in    Dresden.    January  to  June  1887.  8®  Dresden,    1887. 

Isis  Socibtt. 
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Dublin. — Report  of  the  Director  of  the  Science  and  Art  Museum,  Dublin,  tor  1886. 

8*  Dublin,  1887.  V.  Ball. 

Scientific  Proceedings  of  the  Royal  Dublin  Society.    New  series,  Vol.  V, 
pts.  3-6.    8"  Dublin,  1886-1887.  The  Society. 

Scientific    Transactions  of  the  Royal  Dublin  Society.      Series  II,  Vol.  Ill, 
pts.  11-13.    4**  Dublin,fi886-i887.  The  Society. 

Edinburgh.— Scottish  Geographical  Magazine.    Vol.  Ill,  Nos.  7-8.    8"*  Edinburgh, 

1887.  The  Society. 

Glasgow  .^Glasgow  University  Calendar  for  1887-88.    8**  Glasgow,  1887. 

Glasgow  University. 

HALLE.^Abhandlungen  der  Naturforschenden  Gesellschaft  zu  Halle.    Band  XVI,  heft 

4.    4"  Halle,  1886.  Natural  History  Society,  Halib. 

„         Bericht  fiber  die  Sitzungen  der  Naturforschenden  Gesellschaft  zu  Halle,  im 

1885-1886.    8°  Halle,  1885-1886. 

Natural  History  Society,  Halle. 

Lausanne. — Bulletin  de  la  Soci^t^  Vaudoise  des  Sciences  Naturelles.    3"*  s^rie.  Vol. 

XXII,  No.  95.    8°  Lausanne,  1887.  The  Society. 

I«iSBON.— Commission  des  Travaux    Gdologiqiies    du  Portugal.      Recueil    d'£)tudes 

Pal^ontologiques  sur  la  Faune  Crdtacique  du  Portugal    Vol.  II,  Des- 
cription des  Echinides,  par  P.  de  Loriol.    Fasc.  z.    4"  Lisbonne,  18S7. 

The  Commission. 
London.— Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland.    VoL 

XVI,  No.  4.    8**  London,  1887. 
y.  Journal  of  the  Chemical  Society.    No.  296.    8^  London,  1887. 

F.  R  Mallet. 

„  Journal  of  the  Society  of  Arts.    Vol.  XXXV,  Nos.  1804-1814.    8"  London, 

1887.  The  Society. 

„  Proceedings  of  the   Royal  Geographical  Society.      New  series,  Vol.  IX, 

Nos.  5-7.    8*  London,  1887.  The  Society. 

Proceedings  of  the  Royal  Institution  of  Great  Britain.    Vol.XI,pt.  3,  No.  80. 
List  of  Fellows,  1886.    8**  London,  1887.  The  Institute. 

Proceedings  of  the  Royal  Society  of  London.    Vol.  XLII,  Nos.  253-255.    8® 

London,  1887.  The  Society. 

Proceedings  of  the  Zoological  Society  of  London.  Parts  IV,  1886.  and  I,  1887. 

8"  London,  1887.  The  Society. 

Transactions  of  the  Zoological  Society  of   London.     Vol.  XII,  pts.  4-6. 

4**  London,  1886-1887.  The  Society. 

Quarterly  Journal  of   the  Geological  Society,    Vol.  XLII  I,  No.  170.    8® 

London,  1887.  The  Society. 

Report  of  the  British  Association  for  the  advancement  of  Science,  held  at 

Birmingham  in  September  1886.    8**  London,  1887. 
Lton. — Archives  du  Mus6um  d'  Histoire  Naturelle  de  Lyon.     Tome  IV.    4*  Lyon, 

1887.  •  The  Museum. 

Madras. — Madras  Journal  of  Literature    and  Science  for   the   session    1886-87.    8* 

Madras,  1887.  Madras  Literary  Society. 

37 


M 


ft 


$9 


»t 


ft 


»» 


Additions  to  the  Library.  [vpu  XX. 

Titles  of  Books,  Donors^ 

Melbourne.— Reports  of  the  Mining  Registrars  for  the  quarter  ending  31st  March 

1887.  Flsc.  Melbourne,  1887.  Mining  Dbpt.»  Victoria. 

Moscow.— Bulletin  de  la  Soci^t^  Imp^riale  des  Natnralistes.    Vol.  LX«  Na  4,  LXI» 

Nos.  1-2,  and  LXII,  No.  3.    8*  Moscow,  1885-1886.      Thb  Socibtt. 

M  Nouveaux  Mtooires  de  la  Soci^t^  Imp^riale  des  Naturalistes.     Tome  XIV, 

livr.  3,  and  XV,  livr.  2-4.    4**  Moacou,  1882-1886.         Thb  Socibtt. 

Newcastle.— Transactions  of  the  North  of  England  Institute  of  Mining  and  Mecha- 
nical Engineers.  Vd.  XXXVI,  No.  3.    8*  Newcastle,  1887. 

Thb  Imstitutb. 

Nbucratbl.— Bulletin  de  la  Soci^t^  des  Sciences  Naturelles  de  Neuchatel.    Tome 

XV.   8*"  Neuchatel,  1886.  Thb  Socibtt. 

Paris.— Bulletin  de  la  Soci^t6  G6ologique  de  France.    3**  s6ri^  Vol.  XIV,  No.  8,  and 

XV,  No.  4.   8**  Paris,  1887.  Thb  Socibtt. 

„        M^moires  de  la  Soci^t^  G^dogique  de  France.   3"*  s^ie.  Tome  IV,  No.  3.    4* 

Paris,  1887.  Thb  Socibtt. 

„       Compte  Rendu  des  Sdances  de  la  Soci^t^  de  G^ographie.  Nos.  1 1-12.    8"  Paris, 

1887.  1*BK  Socibtt. 

„       Comptes  Rendus  des  Stances  de  T  Acaddmiedes  Sciences.    Tome  loi-ios. 

4**  Paris,  1885-1886.  Institute  of  France. 

M        Mdmoires  prdsentds  par  divers  savants  a  V  Acaddmie  des  Sciences  de  V  Insti* 

tut  de  France.    2"*  sdrie.  Tome  XXIX.    4*  Paris,  1887. 

The  Institutb. 
Philadelphia.— Journal  of  the  Franklin  Institute.   3rd  series.  Vol.  XC 1 1 1,  No.  6,  and 

Vol.  XCIV,  Nos.  1-2.    8®  Philadelphia,  1887.       The  Institute. 

y.  Transactions  of  the  Wagner  Free  Institute  of  Science.    Vol.  I.    8^ 

Philadelphia,  1887.  The  Institute. 

Pisa. — Atti    della    Societa  Toscana  di  Scienze  Naturali.    Process!  VerbalL  Vol.  V, 

pp.  227-263.    8°  Pisa,  1887.  The  Socibtt. 

Rome.— Atti  della  Reale  Accademia  dei  Lincei.   Serie  4,  Rendicon6,  Vol.  Ill,  Semestre 

I,  fasc.  9-13;  Vol.  Ill,  Semestre  II,  fasc.  I.    4"  Roma,  1887. 

The  AcaDemt. 
Sacramento. — California  State  Mining  Bureau.    Sixth  annual  report  of  the  State 

Mineralogist.    Parts  I-II.    8°  Sacramento,  1886-1887. 

State  Mining  Bureau. 
Salem.— Proceedings  of  the  American  Association  for  the  advancement  of  Science. 

Vols.  XXXIV— XXXV.    8'  Salem,  1886-1887.     The  Association. 
St.  Petersburg. — Bulletm  de  1'  Acaddmie  Impdriale  des  Sciences  de  St.  Pdtersbourg. 

Tome  XXXI,  No.  4-    4"  St.  Pdlersbourg,  1887. 

The  Acaobmt. 
„  Mdmoires  de    V  Acaddmie  Impdriale  des  Sciences    de  St.    Pdters- 

bourg.    7"«  sdrie.  Tome  XXXIV,  Nos.  12-13,  and  XXXV,  No.  i. 
4*  St.  Pdtersbourg,  1886-1887.  The  Academt. 

Bulletins  du  Comitd  Gdologique.     Vol.  VI,  Nos.  6-7,  and  supple- 
ment to  Vol.  VI.    8°  St.  Pdtersbourg,  1887.     The  Commission. 
Mdmoires  du  Comitd  Gdologique.    VoU  IV,  No.  i.    4"  St.  Pdters- 
bourg, 1887.  The  Commission. 
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Stdmbt. — Report  of  the  Trustees  of  the  Australian  Museum  for  1886.    Flsc.^  Sydney, 

1887.  The  Museum. 

ToRONTC^Proceedings    of  the  Canadian  Institute.  3'*  series.  Vol.  IV,  No.  2.  8° 

Toronto,  1887.  The  Institute. 

TuRiv. — ^AttiddlaR.  Accademia  delle  Scienze  di  Torino.    Tomo  XXII,  disp.  12-15. 

8*"  Torino,  1886-1887.  The  Academy. 

,p         Bollettino  deir  Osservatorio  della  Regia  Universita  di  Torina    Anno  XXI 

(1S86).    Obi.  4**  Torino,  1887.  Royal  Academy,  Turin. 

ViBMirA. — Annalen  des  k.  k.  Naturhistorischen  Hofmuseums.  Band  II,  No.  2.    8** 

Wien,  1887.  The  Musbum. 

M         Verhandlungen  der  k.  k.  geologischen  Reichsanstalt.  Nos.  9-10.    8*  Wien, 

1887.  The  Institute.** 

Washington,— Monographs  of  the  United  States  Geological  Survey.     Vol.  X.    4® 

Washington,  1886.  The  Survey. 

n  Report  of  the  Director  of  the  Mint  upon  the  production  of  the  precious 

metals  in  the  United  States  during  the  calendar  year  1886.     8" 

Washington,  1887.  Director  of  the  U.  S.  Mint. 

M  Smithsonian  Miscellaneous  Collections.    Vols.    XXVIII—XXX.    8^^ 

Washington,  1887.  Smithsonian  Institute. 

Yokohama.— Transactions   of  the  Asiatic  Society  of  Japan.    Vol.  XV,  pt.  i.      8* 

Yokohama,  1887.  The  Society. 

MAPS. 

Carte  du  Phdnom^ne  erratique  et  des  anciens  Glaciers  du  Versant  Nord  des  Alpes 

Suisses  et  de  la  chatne  du  Mont-Blanc.     Par  Alphonse  Favre.    In 
4  sheets.  Winterthour,  1884. 

The  20th  September  1887. 
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OF 

THE  GEOLOGICAL  SURVEY  OF  INDIA. 

Part  1.]  1888.  [February. 

Annual  Report  of  the  Geological  Survey  of  India,  and  of  the 
Geological  Museum,  Calcutta,  for  the  year  1887. 

Personnel  of  Survey  and  General  Distribution. — On  taking  over  the  Directorship 
of  the  Survey  in  April  last  from  Mr.  Medlicott,  I  found  the  Staff  of  the  Survey  still 
below  the  normal  number,  owing  to  vacancies  a  long  time  unfilled ;  or  under  its  effec- 
tive strength  through  some  of  the  officers  being  detached  on  special  work. 

The  distribution  over  so  vast  an  area  as  the  Indian  Empire,  was  as  follows : — 

Mr.  Foote,  on  special  deputation  to  the  Mysore  Government. 
„    Mallet,  Museum  and  Laboratory. 
„    Hughes,  special  deputation  with  the  Deccan  Company,  Hyderabad. 

Fedden,  Vizagapatam. 

Hacket,  Rajputana. 
„    Griesbach,  just  returned  from  Afghan  Boundary  Commission. 
„    Oldham,  Salt  Range. 

Bose,  Chhattisgarh. 

La  Touche,  Assam. 

Middlemiss,  Himalayas. 
^   Jones,  Upper  Burma. 

Except  from  Mr.  Hughes,  who  does  not  furnish  us  with  any  reports,  satisfactory, 
and  in  some  cases  important,  work  has  been  carried  out  by  all  the  officers  named , 
though  it  has  been  of  too  detached  a  character  to  make  any  particular  show  in  the 
progress  map  appended  to  this  report. 

Two  of  the  vacancies  have  since  been  filled  up  in  the  appointment  of  Dr.  Fritz 
Ndetling  (Berlin  University)  as  Palaeontologist,  and  of  Mr.  Philip  Lake  (Cantab.)  as 
Assistant  Superintendent. 

Mr.  Mallet  is  again  absent  on  sick  certificate  from  26th  June  for  one  year;  Mr. 
Jones  officiating  for  him  as  Curator  and  in  charge  of  the  Laboratory,  though  he  is 
ready  at  the  same  time  for  any  special  and  short  field  exploration.  Mr.  Hughes' 
deputation  with  the  Deccan  Company  will  not  cease  until  15th  May  1888 :  and  the 
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placing  of  Mr.  C.  L.  Griesbach's  services  at  the  disposal  of  the  Foreign  Office  for 
employment  as  Geologist  to  His  Highness  the  Amir  of  Afghanistan  for  two  years 
has  just  been  sanctioned. 

Perhaps  for  the  first  time,  so  large  an  indent  has  been  made  on  us  by  Native  States 
for  deputation  on  special  enquiries,  a  diversion  from  the  proper  work  of  the  Survey 
which  can  hardly  be  avoided,  although  the  officers  can  be  ill-spared  where  so  much 
having  an  economic  value  has  yet  to  be  worked  out  in  the  geological  formations, 
the  limits  or  relations  of  which  are  being  systematically  followed  out.  It  is  a  dis- 
tinction also,  that  the  services  of  Mr.  Foote  and  Mr.  Hughes  should  have  been 
specially  asked  for  by  the  Mysore  Durbar,  and  the  Deccan  Company  respectively ; 
while  it  is  eminently  satisfactory  that  their  services  have  been,  and  are,  appreciat- 
ed. Mr.  Foote  has  completed  his  deputation;  but  a  still  further  call  has  been 
made  on  us  by  the  Kashmir  Government,  and  for  this  duty  Mr.  La  Touche  was  selected. 

The  sudden  death  of  Mr.  Francis  Fedden  at  Vizagapatam,  on  the  STth 
December  last,  has  deprived  us  of  one  of  our  oldest  colleagues,  who  had  only  just 
attained  the  long-waited-for  promotion  to  the  ist  grade. 

The  progress  and  occupation  of  the  Survey  has  been  in  the  following  order : — 

Peninsular  Region, — Mr.  Foote  has  the  Madras  Presidency  with  its  immense 

area  of  the  crystalline  rocks,  or  gneisses,  among  which,  how- 
Mr.  Foote,  '  ^^^h  ^^  is  Still  carrying  out  his  latest  distinction  of^a  newer 

Mr,  Fedden,  (Dharwar)  series.    At  present  the  great  interest  attaching  to 

'*        '  this  series  of  transition  rocks  is  not  so  much  that  it  may  fall 

in  with,  or  represent,  some  or  all  of  the  various  transitional  formations  of  Central 
India,  which  have  been  treated  of  by  so  many  of  us  under  the  names  of  Bijawais, 
Aravalis,  Champanirs,  and  Chilpis :  but  that  it  is  the  series  in  which  auriferous  reefs 
Mysore  and  Bellary  ^®  °^^^^  particularly  developed  in  the  Madras  Presidency. 
country :  Dharwar  I,  myself,  having  had  to  work  out  the  auriferous  rocks  of  the 
series ;  auriterous.  Wain^d  region,  which  certainly  appeared  to  me  to  occur 

among  bands  of  the  older  gneisses,  am  unable  to  follow  Mr.  Foote  throughout  the 
whole  of  his  generalizations,  which  would  seem  to  tend  towards  an  extension  of  the 
Dharwars  into  Waindd ;  but  the  fact  still  remains  that  he  is  perfectly  clear  as  to  the 
Mysore  country  to  which  his  attention  has  been  more  thoroughly  devoted.  In  this 
way  he  has  become  the  best  gold  man  we  have ;  not  an  expert  in  the  common  ac- 
ceptation of  the  term,  which  is  properly  a  man  capable  of  exploiting  a  region  where 
gold  is  known  to  exist  in  greater  or  less  quantity,  but  a  geologist,  experienced,  par 
excellence,  in  the  kind  of  rocks,  or  the  particular  formation  likely  to  be  auriferous  in 
India. 

The  result  of  his  deputation  to  the  Mysore  Government  has  been  a  lengthy  report^ 
founded  on  an  extremely  rapid  tour  over  the  very  large  area  exhibiting  gold  indica- 
tions in  that  State.  I  cannot  but  express  regret  that  the  time  at  Mr.  Foote's  disposal 
for  examining  such  a  large  tract  of  country  was  all  too  small  for  the  questions  or  the 
interests  involved.  His  examination,  such  as  it  was,  stands  however,  as  the  most  re- 
liable and  scientific  record  of  the  auriferous  veins  of  the  country.  To  a  very  large 
class  of  men  interested  honestly  in  the  occurrence  of  gold  in  Mysore,  Mr.  Foote's 
report  is  no  doubt  disappointing,  because  it  fails  to  paint  in  glowing  colours  tracts  of 
quartz  reefs,  or  areas  of  gold  washings  which  they  believed,  or  had  been  persuaded  to 
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believe  were  promising ;  or  that  it  shows  that  the  evidences  he  considers  hopeful  in 
other  tracts  were  not  thought  worth  other  than  passing  examination  by  previous  ex- 
plorers. This  is  only  in  the  nature  of  such  an  investigation,  more  especially  since  the 
deputation  was  to  report  on  the  auriferous  tracts  already  visited  by  Messrs.  Lavelle  and 
Marsh  in  the  previous  year.  Mr.  Lavelle  was  the  pioneer  of  the  Kolar  workings,  and, 
what  is  far  more  to  the  point,  a  most  successful  pioneer.  Mr.  Foote's  report  was  not 
suitable  to  these  Records,  but  its  material  will  be  embodied  in  a  paper  shortly  to  be 
published. 

Mr.  Philip  Lake,  the  junior  Assistant  Superintendent,  has  been  placed  under  Mr. 
Foote's  charge  for  the  present ;  and  it  is  pleasant  to  hear  that  there  is  much  promise 
of  the  Survey  having  again  gained  by  the  judicious  scheme  of  selection  in  the  re- 
cruiting of  our  staff,  introduced  and  most  strictly  watched  by  my  predecessor  Mr. 
Medlicott. 

Mr.  Fedden,  who  was  transferred  to  the  Madras  Presidency  at  the  end  of  1886, 

took  up  work  in  the  Vizagapatam  District,  an  endeavour 
thus  being  made  to  fill  in  the  large  unsurveyed  gap  between 
the  Godavery  and  the  Ganjam  Districts  in  the  Northern  Circars,  and  he  had 
been  going  on  steadily  with  his  survey,  but  so  far  without  finding  anything  of  parti- 
cular interest.  His  untimely  death  has  practically  stopped  any  chance  of  this  dis- 
trict being  further  examined  during  the  present  season. 

My  executive  work  closed  with  my  boring  experiences  in  the  Chhattisgarh  Coal- 
Central  Provinces.       fields,  the  results  of  which  are  given  in  the  concluding  part 
5«y.  Qf  ^Q  1j^s(  volume  of  the  Records.    These  results  show  practi- 

Sub'Atst.  Kishen  Singh,     cally  that  throughout  the  whole  area,  as  far  as  it  is  convenient 
„      Hira  Lall.  ^q  the  trace  of  the  Nagpur-Bengal  Railway,  there  is  only 

one  tract  near  Korba  which  has  shewn  itself,  by  the  borings,  at  all  worthy  of  con- 
sideration as  a  likely  place  for  workable  coal  of  good  quality.    The  credit  of  this 

find,  which  though  it  be  among  coal  measures   already 
Chhatosgarh  coal-       known,  is  due  to  Sub-Assistant  Hira  Lai,  who  so  far,  and 

in  this  way,  has  done  credit  to  the  grand  training  he  had 
under  Mr.  Hughes.  A  single  boring,  at  the  end  of  the  season,  when  of  course  work 
could  not  be  finished,  has  proved  that  this  coal  of  Gordhewa  does  not  change  for 
the  worse  to  the  deep,  as  has  unfortunately  been  the  case  with  nearly  all  the  other 
borings  in  other  parts  of  the  area. 

I  could  not  but  marvel  at  this  disparity  between  boring  and  outcrop  samples, 
which  certainly  seemed  to  show  that  the  boring  samples  might  not  be  so  free  from  ad- 
mixture with  shales  as  one  is  generally  led  to  expect  in  work  of  this  kind.    Undei 
these  circumstances,  and  considering  the  interests  involved,  I  have  felt  bound  to 
recommend  small  trial  pits  as  the  readiest  method — in  the  difficulty  of  getting  im- 
proved boring  plant  or  trustworthy  workmen — for  ascertaining  the  quality  of  the  coal 
in  bulk.    Such  pits  are  to  be  tried  near  Hingir,  and  at  Korba ;  and  further  borings 
should  be  put  down  on  Hira  Lai's  seam  at  Gordhewa  to  ascertain  the  area  of  that  field. 
In  the  early  part  of  the  season  I  devoted  some  time  to  the  western  edge  of  the 
Transitions  and         fi^^^  Chhattisgarh  basin,  where  Mr.  Bose  had  worked  in  pre- 
ViNDHYANs.  vious  scasous  among  the  Vindhyans  and  Chilpis,  though  he 

Mr.  Bou.  ^^^  ^^^  failed  to  satisfy  Mr.  Medlicott  or  myself  as  to  his 
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capabilities  for  distinguishing  these  two  series  in  detail,  or  for  the  reporting  on  or 
mapping  of  them.  However  much  he  may  have  failed  to  satisfy  as  in  this  way»  it  is 
necessary  to  state  that  he  did,  after  all, recognize  an  unconformity  between  the  two; 

The  Manganese  ores  ^^^  "^^^^^  ^ery  exceptional  conditions  of  stratigraphy.  Mr. 
of  the  Jubbulpore  Dis-  Bose  was  to  have  continued  the  work  in  this  region ;  but 
^*^'*  even  from  here  it  has  been  necessary  to  move  him,  lo 

more  urgent,  and  as  it  turns  out  very  interesting  work,  at  the  manganese  ores 
near  Gosalpur  in  the  Jubbulpore  district. 

I  have  just  returned  from  an  inspection  of  Mr.  Bose's  work  as  far  as  it  has  gone, 
he  having  brought  features  in  the  distribution  and  mode  of  occurrence  of  these  ores 
to  notice,  which  required  testing  in  a  more  authoritative  way  than  usual^  owing  to  the 
ground  having  been  previously  visited  by  Messrs.  Medlicott  and  Mallet.  I  was  greatly 
pleased  to  find  that  Mr.  Bose  was  not  only  doing  his  work  well  and  carefully,  but  that 
he  had  made  observations  and  recognized  features  which  will  lead  to  a  more  qualified 
view  of  the  manganese  ore  capabilities,  as  well  as  towards  a  further  elucidation  of  the 
origin  of  that  form  of  decayed,  or  methylosed  rock,  so  well  known  as  laterite. 

Messrs.  Kishen  Singh  and  Hira  Lai  were  engaged  during  the  last  season,  the 

one  about  Mandla  and  Seoni  in  the  Central  Provinces,  and 
J^"^^^  ""^  Sub-Assist.     ^^^  ^^^   ^^^^^  ^^  coal-fields  in  ChhatUsgarh ;  that  is, 

each  of  these  Sub-Assistants  is  following  up  the  areas 
or  boundaries  of  formations  already  ascertained  by  the  executive  officers  of  the  Survey. 
It  is  necessary  to  mention  this,  because,  unhappily,  Babu  Kishen  Singh  has  got  it 
into  his  head  that  he  is  now  on  independent  work,  and  so  fit  for  promotion.  It  may 
be  as  well  to  state  at  once  that  this  is  not  the  case ;  as  yet,  he  is  certainly  not  fit  to  be  set 
on  new  and  independent  work.  This  is  however  quite  a  different  matter  to  the  doing 
of  the  work  he  has  in  hand,  which  I  am  only  too  glad  to  praise  as  well  and  carefully 
executed.  At  the  same  time  I  should  wish,  as  soon  as  the  time  may  come  round,  to 
recommend  that  he,  as  well  as  Mr.  Hira  Lai,  should  be  better  remunerated  for 
their  work :  this  has  already  been  strongly  advocated  by  my  predecessor,  and  at  the 
first  opportunity  I  shall  press  it  again. 

Mr.  Hira  Lai  has  the  luck  to  be  working  at  the  coal-bearing  rocks,  and  I  think 
I  have  sufficiently  expressed  my  liking  for  him  and  his  T^ork  in  that  connection  in 
my  last  paper  on  the  Chhattisgarh  coal-fields. 

Both  Sub-Assistants  have  sent  in  their  maps,  accompanied  by  fairly  interesting 
and  readable  progress  reports. 

Rajputana  has  been  for  many  years  Mr  Hacket's  area,  and  he  is  still  in  it,  work- 

Central  India.  *"8f  ^"^  details  of  the  very  puzzling  and  complicated  rela- 

Mr.  Hacket,  tions  of  the  several  series  or  groups  of  transition  rocks.     Up 

Mr,  R.  D.  Oldham,     ^^  ^j^^  ^^^^^  ^j  j^^.^  season  his  work  lay  in  the  neighbourhood 

of  Mount  Abu ;  but  we  are  hopeful  that  his  investigations  may  extend  more  to  the 
westward,  where  he  may  be  able  to  touch  on  the  mere  economically  interesting 
Gondwanas,  with  their  coal  possibilities. 

As  stated  in  Mr.  Medlicott's  last  annual  report,  Mr.  Oldham  was  occupied  in 
testing  his  own  suggestion  of  a  possible  occurrence  of  coal  measures  with  coal  in 
Jessalmer,  though  he  was  not  very  sanguine  of  success.  It  was,  indeed,  more  of  a 
scientific  generalization  than  a  suggestion,  and  hopes  were  high  tliat  success  might 
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attend  it;  but  so  far  the  promise  is  not  good,  as  will  be  seen  in  the  memorandum 
published  in  the  present  number  of  the  Records. 

Exira  Peninsular  India. — Early  last  year,  further  evidence  was  sent  in  by  Dr. 

H.  Warth  on  the  identity  of  the  '  Olive  Shales  *  and  •  Speckled 
nJ.H^wirik.  Sandstones '  in  the  Salt  Range  geology.    Mr.  Oldham  having 

been  sent  up  in  the  previous  season  to  settle  the  question,  he 
was  again  despatched  to  the  Salt  Range  to  verify  Dr.  Warth's  observations,  which  were 
published  in  the  May  part  of  last  year's  Records.  The  groups  of  rocks  with  boulder- 
beds  at  their  bases,  which  have  hitherto,  in  the  eastern  and  western  portions  of  the 
range,  been  considered,  respectively,  the  one  as  of  cretaceous,  and  the  other  as  of 
upper  palaeozoic  age,  will  now  be  merged  in  the  name  '  Speckled  Sandstone^  this 
group  being,  according  to  the  latest  utterance  of  Dr.  Waagen,  of  the  age  of  the  upper 
coal-measures. 

Having  finished  his  work  in  the  Salt  Range,  which  also  included  a  visit  to  the 

Himalayas.  Dandot  Coal  Mining  operations,  Mr.  Oldham  then  proceed- 

Mr.  oidhnm.  ed  to  Simla,  preparatory  to  making  an  expedition  to  Ladak 

Mr.  MiddUmiss.         ^^  ^^^  ^yy  Kashmir,  according  to  the  desire  of  my  pre- 

decessor,  with  a  view  to  determining  how  far  the  discrepancies  between  the  sequence 

of  beds  in  Kashmir,  as  described  by  Mr.  Lydekker,  and  that  of  the  Simla  region  were 

real.    On  return  from  other  work  early  in  November,  he  was  deputed  to  ]0bk  up  the 

prospects  of  obtaining  petroleum  at  Tijarah,  near  Ulwar.    His  report  confirms  our 

original  examination,  viz.,  that  the  bituminous  stuff  obtained  from  Tijarah  is  merely 

an  occurrence  of  combustible  organic  matter  in  a  thin  layer,  or  seam,  associated  with 

potsherds  and  other  refuse  formed  on  the  site  of  an  old  cattle  village. 

Mr.  Middlemiss  has  been  steadily  pursuing  his  proper  work  in  the  lower  Hima- 
laya  about  British  Garhwal  and  Kumaun,  the  results  of  which  he  is  giving  in  a  series 
of  papers  in  the  Records.  His  work  continues  to  be  excellent,  and  there  is  no  lack 
in  his  enthusiasm  and  energy. 

The  Kashmir  Government  having  applied  for  a  geologist  to  look  up  and  report 

on  the  occurrence  and  possible  exploitation  of  the  sapphires 
M^L^Jrouche  *°  ^^®  Zanskar  district,  Mr.  La  Touche  was  detached  from 

his  recess  work  in  Assam.    He  was  only  able  to  work  for  a 
month  at  the  locality,  which  lies  just  below  the  snow  line, 
pp  ires.  mainly  driving  an  adit,  or  cutting  through  the  great  mass  of 

debris  which  had  fallen  down  over  the  old  diggings,  though  without  reaching  the 
sapphire  rock,  and  thus  the  examination  is  yet  incomplete.  Waiting  a  better  oppor- 
tunity for  re-exploration  when  the  retreat  of  the  snow  will  permit,  his  services  have 

been  very  advantageously  employed  by  the  Durbar  in  ex- 
amining the  Jummu   coal,  originally  discovered   by  Mr. 
Medlicott,  on  which  he  is  inclined  to  look  hopefully,  provided  some  method  can  be 
devised,  similar  to  that  adopted  in  Italy,  for  compressing  the  unfortunately  crushed 
and  powdery  fuel  into  bricks. 

Mr.  £.  J.  Jones  was  fully  occupied  until  the  end  of  the  season  in  examining  the 

principal  coal-fields  in  Upper  Burma,  as  well  as  the  metalli-   . 
M^Jm^^.^*  ferous  mines  in  the  Shan  Hills,  reports  on  which  appeared 

in  the  last  number  of  the  Records. 
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Survey  Fuhlicaiions,~^Vzx\  I,  of  the  twenty-fourth  Volume  of  the  Memoirs,  wk,  /— 

Memoirs,     Records      "Southern  coal-fields   of  the  Satpura  Gondwana  Basin," 

Palseontologia     Indica,     £.  J.  Jones,  was  issued  early  last  year  :  it  treats  of  what  is 

more  generally  known  as  the  Chindwara  coal-field.  Volume 
XX.  of  the  Records  contains  twenty-three  papers,  besides  other  matter,  four  of  the 
articles  being  of  important  economic  value.  In  series  X,  Vol.  IV,  Part  III,  of  the 
Palseontologia  Indica,  Mr.  R.  Lydekker  has  described  the  ''Eocene  Chelonia  from 
the  Salt  Range,"  It  was  to  have  been  expected  that  the  concluding  part  of  Dr.  W. 
Waagen's  great  volume  on  the  fossils  of  the  Froductus  Limestone  of  tiie  Salt  Range 
would  have  been  issued,  but  an  unforeseen  delay  has  occurred  through  the  copies 
of  the  last  three  plates,  which  were  despatched  from  Munich  long  ago,  having  been 
mislaid  in  the  carrying  agent's  office.  Part  IV,  "  Mineralogy,"  of  the  Manual  of 
the  Geology  of  India,  by  F.  R.  Mallet,  was  issued  in  July  last :  it  forms  a  very  fitting 
completion  of  the  Manual. 

Library, — Two  thousand  and  twenty-four  volumes,  or  parts  of  volumes,  were 
added  during  the  year;  1,270  by  presentation  or  exchange,  and  754  by  purchase. 

Museum, — Now  that  we  have  once  more  a  Palaeontologist  on  the  Survey  in  the 
person  of  Dr.  Fritz  Noetling,  an  endeavour  is  being  made  to  bring  the  collections 
sent  in  from  the  field  under  thorough  examination ;  particularly  the  invertehrata^ 
which  have  in  great  part  lain  by  so  long,  owing  to  the  pressing  necessity  during  Dr. 
FeistmanteUs  time  for  treatment  of  the  flora  of  the  Gondwana  Formation,  the  lower 
division  of  which,  it  is  perhaps  hardly  necessary  now  to  mention,  includes  the  Indian 
coal  measures.  Up  to  this  time,  Dr.  Noetling  has  been  engaged  in  working  out  the 
ammonitid<B  collected  by  Mr.  P.  N.  Bose  in  the  Bag  beds  of  the  Narbada  valley, 
which,  I  am  informed,  corroborate  in  every  way  the  original  conclusions  of  Professor 
p.  Martin  Duncan  regarding  the  Cenomanian  age  of  these  beds.  The  Silurian  and 
other  fossils,  to  be  referred  to  in  Mr.  Griesbach's  forthcoming  Himalayan  Memoir^ 
are  also  being  examined. 

The  Geological  and  Mineral ogical  galleries  are  in  perfect  order,  the  collections 
being  gradually  added  to  by  presentations  or  by  exchange  with  American,  Contin- 
ental, and  British  Societies  and  Collectors,  notices  of  which  have  appeared  in  each 
part  of  the  last  volume  of  the  Records. 

Tours  of  the  Director. — Notwithstanding  the  inconveniences  referred  to  from 
time  to  time  in  his  Annual  Reports  by  my  predecessor,  among  which  are  the  having 
to  rely  on  the  carrying  on  of  the  current  duties  of  the  office  by  any  Geologist  who  may 
be  at  hand,  instead  of  a  special  Assistant  as  is  the  case  with  other  Departments,  and 
the  editing  of  the  publications  of  the  Survey ;  I  have  been  able  to  make  three  short 
tours.  These  were  to  the  crushed-coal  outcrops  near  Teendaria  in  the  Darjeeling 
District;  to  the  Karharbari  coal-field;  and  to  the  Manganese  ore  deposits  near 
Jubbulpore,  the  need  for  an  authoritative  visit  to  which  I  have  already  indicated  when 
referring  to  Mr.  Bose's  work  there. 

Wm.  KING, 

Director  of  the  Geological  Survey  of  India. 

Calcutta, 
The  2ist  fanuary  1888, 
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Lis  of  Societies  and  other  Institutions  from  which  Publications  have 
been  received  in  donation  or  exchange  for  the  Library  of  the  Geolo^ 
gical  Survey  of  India^  during  the  year  1887. 

Adelaide.— Royal  Society  of  South  Australia. 
Baltimore. — ^Johns  Hopkins  University. 
Basel.— Natural  History  Society. 
„         Basel  University. 
Batavia. — Batavian  Society  of  Arts  and  Sciences. 
Belfast. — Natural  History  and  Philosophical  Society. 
Berlin. — German  Geological  Society. 

„  Royal  Prussian  Academy  of  Science. 

Bologna. — Royal  Academy  of  Sciences. 
Bombay. — Bombay  Branch,  Royal  Asiatic  Society. 
„  Marine  Survey  of  India. 

,,  Meteorological  Department. 

„  Natural  History  Society. 

Bordeaux. — Soci^t^  Linn^enne  de  Bordeaux. 

Boston. — American  Academy  of  Arts  and  Sciences. 

„         Society  of  Natural  History. 
Breslau. — Silesian  Society. 

Brisbane.-— Queensland  Branch,  Royal  Geographical  Society  of  Aus- 
tralasia. 
Bristol. — Bristol  Naturalists*  Society. 
Brussels.— Royal  Academy  of  Sciences,  Belgium. 
Royal  Geographical  Society  of  Belgium. 
Royal  Malacological  Society  of  Belgium. 
Royal  Museum  of  Natural  History,  Belgium. 
Budapest. — Hungarian  Geological  Society. 
Hungarian  National  Museum. 
Royal  Geological  Institute,  Hungary. 
Buenos  Aires. — National  Academy  of  Sciences,  Cordoba. 
Buffalo. — Society  of  Natural  Sciences. 
Calcutta. — Agricultural  and  Horticultural  Society. 
Asiatic  Society  of  Bengal. 
Editor,  Indian  Engineer. 
Editor,  Indian  Engineering. 
Meteorological  Department,  Government  of  India, 
Royal  Botanic  Garden. 
Survey  of  India. 
The  Calcutta  University. 
Cambridge. — Philosophical  Society. 
Cambridge,  Mass. — Museum  of  Comparative  Zoology. 
Cassel. — ^Verein  fur  Naturkunde. 
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Chrishania. — ^Editorial  Committee,  Norwegian  North  Atlantic 

tion. 
Cincinnati.^ — Society  of  Natural  History. 
Copenhagen. — Royal  Danish  Academy. 
Dehra  Dun. — Great  Trigonometrical  Survey. 
,,  Forest  Department 

Delft.— Polytechnic  School. 
Dresden. — Isis  Society. 
DuBUN. — Royal  Geological  Society  of  Ireland. 
>,  Royal  Dublin  Society. 

M  Royal  Irish  Academy. 

Edinburgh.— Geological  Society. 

,»  Royal  Scottish  Society  of  Arts. 

n  Scottish  Geographical  Society. 

Glasgow.— Geological  Society. 
„  Glasgow  University. 

9»  Philosophical  Society. 

GoTTiNGEN. — Royal  Society. 
Granville. — ^Denison  University. 

Halls. — Kais.  Leopoldinisch-Carolinische  Deutsche  Akademie  der 
Naturforscher. 
n        Natural  History  Society. 
Harrisburg. — Second  Geological  Survey  of  Pennsylvania. 

HoBART. — Royal  Society  of  Tasmania. 
KdNiGSBERG. — Physikalisch-Okonomische  Gesellschaft 
Lausanne. — Vandois  Society  of  Natural  Sciences. 
Leipzig.— Geographical  Society. 

Li^GE. — Geological  Society  of  Belgium. 
Lille.— Soci^t^  G^ologique  du  Nord. 
Lisbon. — Geological  Commission  of  Portugal. 
Liverpool.— Geological  Society. 

„  Literary  and  Philosophical  Society. 

London. — British  Museum, 
n  Geological  Society. 

„  Iron  and  Steel  Institute. 

Linnean  Society. 

Royal  Asiatic  Society  of  Great  Britain  and  Irelandt 
fy  Royal  Geographical  Society. 

„  Royal  Institute  of  Great  Britain. 

Royal  Society. 
Society  of  Arts. 
Zoological  Society. 
Lyons.— Museum  of  Natural  History. 
Madras. — Literary  Society. 

»  Meteorological  Department,  Government  of  Madras. 
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Madrid.— Geographical  Society. 

,,  Royal  Academy  of  Sciences. 

Manchester. — Geological  Society. 

Melbourne. — Department  of  Mines  and  Water-supply,  Victoria. 

Geological  Society  of  Australasia. 
Royal  Society  of  Victoria. 
Milan.— Royal  Institute  of  Science,  Lombardy. 
„        Society  of  Natural  Science. 
Montreal. — Geological  and  Natural  History  Survey  of  Canada. 
„  Royal  Society  of  Canada. 

Moscow. — Imperial  Society  of  Naturalists. 
Munich. — Royal  Bavarian  Academy. 
Naples. — ^Academy  of  Science, 
Neuchatel. — Society  of  Natural  Sciences. 
Newcastle-on-Tyne. — ^North  of  England  Institute  of  Mining  and    Mechanical 

Engineers. 
New  Haven. — Connecticut  Academy  of  Arts  and  Sciences. 

„  The  Editors  of  the  "  American  Journal  of  Science," 

New  York. — ^Academy  of  Sciences. 
Paris. — Geographical  Society. 

„        Geological  Society  of  France. 
„        Institute  of  France. 
„        Mining  Department. 

„        Society  Acad^mique  Indo-Chinoise  de  France. 
Philadelphia. — Academy  of  Natural  Sciences. 
yy  American  Philosophical  Society. 

yy  Franklin  Institute. 

„  Wagner  Free  Institute  of  Science. 

Pisa. — Society  of  Natural  Sciences,  Tuscany. 
Rome. — Royal  Geological  Commission  of  Italy. 
„        Royal  Academy. 
RooRKEE. — ^Thomason  College  of  Civil  Engineering. 
St.  Petersburg.— Geological  Commission  of  the  Russian  Empire. 
„  Imperial  Academy  of  Sciences. 

Sacramento. — California  State  Mining  Bureau. 
Salem,  Mass. — American  Association  for  the  Advancement  of  Science. 
„  Essex  Institute. 

„  Peabody  Academy. 

San  Francisco. — California  Academy  of  Sciences. 
Shanghai.*— China  Branch,  Royal  Asiatic  Society. 
Singapore. — Straits  Branch,  Royal  Asiatic  Society. 
Sydney. — Australian  Museum. 

)y         Department  of  Mines,  New  South  Wales. 
„         Linnean  Society  of  New  South  Wales. 
„         Royal  Society  of  New  South  Wales. 
Toronto.— Canadian  Institute. 
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Turin. — Royal  Academy  of  Sciences. 
Vknice. — Royal  Institnte  of  Science. 
Vienna. — Imperial  Academy  of  Sciences. 
Imperial  Geological  Insdtnte. 
Imperial  Natural  History  Moseom. 
Washington. — Director  of  the  Mint 
M  Philosophical  Society. 

„  National  Academy  of  Sciences. 

Smithsonian  Institution 
United  Sutes  Geological  Surrey. 
United  States  War  Department. 
Welungton. — Colonial  Museum. 

Department  of  Mines,  New  Zealand. 
New  Zealand  Institute.  ^ 

Surveyor  General,  New  ^Zealand. 
Yokohama. — Asiatic  Society  of  Japan, 
yy  German  Naturalists'  Society. 

York. — Yorkshire  Philosophical  Society. 
ZtfaicH. — Natural  History  Society. 
The  Secretary  of  State  for  India. 
The  Governments  of  Bengal,  Bombay,  India,  Madras,  North-Westem  Provinces 

and  Oudh,  and  the  Punjab. 
Chief  Commissioners  of  Assam,  Burma,  and  Central  Provinces. 
The  Commissioner  of  Northern  India  Salt  Revenue. 
The  Resident  at  Hyderabad. 
The  Surgeon-General,  India. 

The  Quarter-Master-General  of  India,  Intelligence  Branch,  Simla. 
Foreign,  Home,  Public  Works,  and  Revenue  and  Agricultural  Departments. 
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Number  of  volumes  and  parts  presented  during  1887 
Ditto  purchased        do. 


1,270 
754 


Total 


.     3,024 
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Crystalline  and  Metamorphic  Rocks  of  the'Lovi^x  Himalayai  C^xhyfdXy and 
Kumaon,  Section  III,  by  C.  S.  MiDDLEMlSS|  B.A.,  Geological  Survey 
of  India.— {With  3  plates.) 

PART  I. 

BASIC  LAVAS  NORTH  OF  DUDATOLI. 

In  due  order  I  must  now  sketch  in  brief  outline  some  basic  lavas  and  associated 
rocks  which  lie  to  the  north  of  the  Dudatoli  area,  and  which  occupy  a  large  portion 
of  the  Syoons  of  Dhanpur,  Ranigadh,  Tili-Chandpur,  Chandpur,  and  Nagpur  Tala. 
As  in  the  case  of  the  iacid  lavas  of  Lobah,  but  little  petrological  work  can  be  done 
in  the  field  without  the  aid  of  the  microscope  to  determine,  in  the  first  instance, 
what  is  the  intimate  structure  of  these,  to  the  eye,  absolutely  compact  and  enigmati- 
cal rocks.  It  will  therefore  be  necessary  to  follow  the  plan  adopted  in  my  last  paper 
of  very  briefly  describing  the  extension,  lie,  and  general  habit  of  the  rocks  as  a  whole, 
giving  the  results  of  the  examination  of  numerous  microscope  slides  in  more 
detail.  The  whole  of  these  notes  will  then  form  a  body  of  data  which  will  be  a  use- 
ful preliminary  to  the  final  description  of  the  fully  mapped  area. 

Like  the  ancient  rhyolites  of  Lobah,  these  basic  rocks  belong  to  a  geological 
system  distinctly  newer  than  the  schists  among  which  the  gneissose-granite  of  Duda- 
toh  is  insinuated.    The  fault  which  separates  the  older  and  the  newer  series  near 
Lobah,  in  its  curve  round  the  north  portion  of  the  Dudatoli  area,  similarly  divides 
the  rocks  about  to  be  described  from  the  older  Dudatoli  schists.    The  discordancy 
in  the  dips,  and  in  the  nature  of  the  rocks  on  each  side  of  the  faulted  boundary, 
give  it  a  great  structural  importance,  and  make  it  a  striking  feature  both  in  the  field 
and  on  the  map.    Its  great  extension,  running  as  it  does  for  30  miles  at  least,  pro- 
claims it  at  once  as  a  master-fault  that  has  had  no  little  influence  in  determining  the 
present  geology  of  this  part  of  Garhwal.    On  its  south  side  it  leaves  exposed  the 
elongated  quaquaversal  synclinal  of  the  Dudatoli  schists,  a  long  flat  synclinal  of  great 
regularity— an  oasis  as  I  have  previously  termed  it — among  much  more  disturbed  and 
highly  tilted  rocks,  on  to  which  we  step  when  the  faulted  boundary  is  crossed.    These 
newer  lavas  and  other  stratified  deposits  dip  away  from  the  Dudatoli  centre  in  quite 
as  marked  a  manner  as  the  older  schists  dip  /awards  that  centre ;  and  being  only  at 
present  known  on  the  north,  north-east,  and  east  sides  of  the  older  schistose  area,  they 
therefore  form  the  north-east  half  of  a  quaquaversal  anticlinal  elongated  in  a  direc- 
tion north-west  and  south-east,  and  which,  if  completed,  would  cover  in  the  whole 
of  the  present  Dudatoli  area,  that  is  to  say  the  ground  represented  on  the  map  facing 
page  142,  Vol.  XX  of  this  publication. 

I  must  again  refer  the  reader  to  that  map,  not  for  the  purpose  of  giving  at  present 
a  detailed  description  of  the  stratigraphy,  but  in  order  to  roughly  indicate  the  general 
positions  of  the  rocks  now  to  be  discussed,  and  to  give  a  connection,  however  super- 
ficial, between  these  notes  and  Sections  I  and  II  of  this  series.  A  few  miles  to  the 
north  beyond  the  limits  of  the  map,  but  contained  in  sheet  14  of  the  i  inch  scale, 
from  which  the  map  is  taken,  the  higher  parts  of  the  Dobri-Pandubri  ridge  are 
occupied  by  a  massive  limestone,  an  undoubted  portion  of  the  same  rock  as  w^s  des* 
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cribed  in  the  Lobah  area.^  Only  a  small  crescent  of  outcrop  with  the  concave  side 
towards  the  south  has  escaped  the  fault,  but  there  is  sufficient  to  shew  that  it  overlies 
a  purple  and  grey  slate  series  with  a  suspicion  of  volcanic  breccia  among  it  closely 
resembling  the  purple  slate  and  volcanic  breccia  series  found  in  west  Garhwal  near- 
er the  plains.*  The  horns  of  the  crescent  abut  against  the  great  fault,  and  outward 
from  these  points  we  travel  over  an  ascending  series  of  the  volcanic  rocks  consisting 
chiefly  of  basic  lavas  and  associated  quartzites.  Above  the  west-north-west  horn, 
however,  there  is  about  a  square  mile  of  outcrop  of  the  acid  lava  alluded  to  in  my 
last  paper  and  described  microscopically  by  reference  to  a  specimen,  No.  7I7,  from 
the  head  of  the  stream  running  by  Peera.  Above  it  come  the  more  basic  lavas  by 
gradual  interbedding  with,  at  first,  a  very  large  thickness  of  sedimentary  rocks,  viz., 
purple  and  white  quartzites  and  conglomeratic  quartzites.  Although  the  sequence 
here  shews  unmistakably  the  connection  subsisting  between  the  two  volcanic  series, 
and  between  those  series  and  the  massive  limestone,  yet  it  is  complicated  to  a  small 
extent  by  an  inversion  of  the  whole,  so  that  the  apparent  dip  in  this  one  comer  of  the 
district  is  towards  the  south-south-east  instead  of  in  the  opposite  direction.  This 
inversion  is  rapidly  resolved  within  a  radius  of  a  few  miles ;  as  a  traverse  along  the 
ridge  towards  Charmarguri  trigonometrical  station  makes  very  evident :  the  purple 
quartzites  and  coarse  grits  rise  more  and  more  to  the  vertical  and  then  fall  again, 
but  with  an  exceedingly  high  dip  towards  the  north-north-west.  They  eventually 
settle  down  to  a  dip  of  about  70°  in  that  direction.  The  limestone  at  Dobri  and 
Pandubri  trigonometrical  stations  is  devoid  of  this  complication :  the  angles  are 
steep,  sometimes  even  approaching  80°,  but  the  dip,  both  of  the  limestone  and  of 
the  superposed  basic  lavas  and  quartzites,  is  steadily  towards  the  north.  The  inter- 
vening rhyolites  are  absent  round  the  crescent  of  limestone  in  this  neighbourhood, 
and  they  do  not  again  make  their  appearance  until  Lobah  itself  is  reached. 

With  dips  radiating  between  the  north-west  and  north-east,  usually  steep,  but 
more  so  near  the  Ganges  towards  the  north-west  than  along  the  Pindar  river  and 
round  about  Chandpur  Gar  hi,  these  beds  continue  over  the  large  area  enumerated 
in  the  beginning  of  this  note.  The  dip  is,  however,  in  many  isolated  cases  in  an 
opposite  direction,  and  the  same  beds  often  seem  to  be  repeated,  either  by  faulting 
or  by  sharp  flexure ;  so  that  there  may  not  be  such  an  immense  thickness  of  them  as 
would  at  first  appear.  Matters  are  also  rendered  difficult  by  a  reappearance  of  the 
massive  limestone  near  Limeri  on  the  Pindar  river.  But  as  the  stratigraphical  details 
of  much  in  this  neighbourhood  are  at  the  present  moment  not  worked  out,  further 
remarks  on  this  head  would  be  premature. 

North  of  Sirobagar, — Several  of  the  specimens  next  to  be  described  agree  in  a 
way  that  can  scarcely  be  accidental  with  those  described  by  Col.  McMahon  from  the 
Darang  ridge,*  and  also  with  some  from  the  lower  Chakrata  volcanic  beds  in 
Jaunsar,  viz.^  Nos.  ^^,  y§t»  ^^^  iSr  ^^^m  the  Gam  Gadh,  collected  by  Mr.  Oldham. 
The  likeness  is  not  altogether  a  superficial  one,  as  will  be  seen  from  the  sequel,  so 
that,  though  I  am  generally  averse  to  generalizing  on  petrological  grounds,  I  can- 
not refrain  from  drawing  the  reader's  attention  to  the  probable  contemporaneity  of 
these  three  sets  of  lavas.    It  should  be  borne  in  mind,  parenthetically,  that  the  lower 

'  Sec  Rec.  XX,  p.  162.  ■  See  Rec.  XX,  p.  34.  •  See  Vol.  XV,  p.  155. 
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Chakratas  are  the  oldest  beds  in  Jaunsar,  and  that  beds  underlying  the  volcanic 
series  in  the  district  I  am  describing  have  at  their  base  some  splintery  slates,  grey 
and  purple  in  colour  and  without  a  trace  of  schistosity,  abutting  against  theDudatoli 
schistose  series.  The  regional  metamorphism  of  the  Dudatoli  schists  must  therefore 
be  attributed  to  a  cause  which  acted  before  the  younger  slates,  limestones  and  super- 
posed lavas  were  laid  down.  Thus  those  schists  belong  to  a  very  ancient  land 
area ;  and  even  the  subsequent  intrusion  or  development  of  the  gneissose-granite  in 
them  must  date  back  to  a  geologically  remote  period,  since  the  attendant  garnets  in 
the  schists  as  previously  shewn  (Section  II)  were  also  anterior  to  the  deposition  of 
the  upper  portions  of  the  younger  series  near  Lobah,  and  contemporary  with  that  of 
the  ancient  rhyolites. 

The  following  specimens  are  from  the  cuttings  in  the  road  which  runs  from  Sri- 
nagar  to  Rudarpraeg  along  the  river.  Taken  together  they  form  an  important  series 
illustrative  of  a  structure  constantly  present  in  nearly  every  crystalline  igneous  rock 
that  I  have  yet  seen  in  this  section  of  the  Himalaya.  I  refer  to  the  apparent  folia- 
tion of  the  rock  at  its  upper  and  lower  surfaces.  At  one  end  of  the  series  we  have 
a  massive  compact  rock,  breaking  independently  in  any  direction  after  the  manner 
of  an  ordinary  trap.  It  is  purple,  or  greenish  purple  in  colour,  and  crowded  in 
many  parts  with  amygdules  of  red  and  white  chalcedony,  of  dark  green  chlorite,  of 
calcite,  and  occasionally  of  more  than  one  of  these  substances  together  in  the  same 
amygdule.  At  the  other  end  of  the  series  we  have  a  rock  undistinguishable  from  a 
chloritic  schist,  of  a  pale  greenish  grey  colour,  slightly  soapy  to  the  touch  and  very 
fissile.  It  is  almost  as  fissile  as  a  slate,  the  dip  of  the  laminae  being  parallel  with 
the  dip  of  the  beds.  But  the  chief  point  of  interest  in  the  rock  seen  macroscopically 
is  that  there  are  several  dark-green  flakes  covering  the  cleaved  surfaces,  and  some 
few  of  chalcedony,  which  are  nothing  less  than  drawn  out  and  pressure-flattened 
amygdules.  Between  the  two  extreme  forms  there  are  a  number  of  intermediate 
ones  shewing  more  plainly,  and  step  by  step,  the  transitions  from  the  perfectly 
formed  amygdules  to  the  mere  blotched  remnants  of  them,  flattened,  drawn  out 
lengthwise,  and  sometimes  separated  into  shreds.  Along  with  this  change  in  the 
amygdules  the  rock  itself  becomes  more  fissile,  and  develops  gradually  a  greener 
colour  through  the  dissemination  of  the  chloritic  amygdaloidal  contents  (see  dia- 
grams I,  I,  2,  and  3). 

Taking  into  consideration  the  perfection  of  the  transitional  varieties  in  this  series 
of  specimens,  it  seems  impossible  to  explain  them  except  on  the  supposition  of  pres- 
sure and  cleavage  acting  after  the  rock  had  assumed  its  solid  form.  For,  it  is  to  be 
noticed,  the  amygdules  are  composed  of  just  those  minerals  into  which  a  trap  rock 
naturally  changes  through  the  alteration  of  its  primitive  mineral  components,  and  the 
formation  of  secondary  products.  Chlorite,  calcite  and  chalcedony  are  always  due  to 
secondary  causes  when  present  in  igneous  rocks — secondary  causes  which  are  not 
likely  to  have  come  about  rapidly,  and  whilst  the  rock  was  still  warm  from  its  erup- 
tive phase,  but  which  are  universally  regarded  as  working  slowly,  e,g.^  steady  pres- 
sure in  the  presence  of  water  or  steam,  but  continued  over  a  long  period  of  time. 
Thus  we  seem  bound  to  admit  a  primarily  molten  condition  of  the  rock,  full  of  vesicles 
which  cooled  and  hardened ;  after  this  a  gradual  absorption  of  some  of  the  mineral 
constituents  and  the  re-depositing  them  in  vesicles  as  chlorite,  chalcedony,  &c.;  and 
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after  this  a  pressure  acting  on  the  cold  and  solid  rock  which  re-arranged  the  partides 
of  the  *rock  at  right  angles  to  itself,  in  toto  producing  cleavage  and  a  spurious 
schistosity. 

It  should  be  noted  here  that  the  more  fissile  varieties  are  always  next  the  outer 
surface  of  the  bed,  or  set  of  beds,  whilst  the  massive  non-fissile  rock  is  always  near 
the  centre,  just  as  in  the  case  of  the  gneissose-granite  bands.  The  pressure  foliation 
which  I  here  advocate  as  the  explanation  in  these  basic  rocks,  I  have,  in  a  preced- 
ing paper,  indicated  as  the  possible  explanation  of  much  of  the  foliated  and  semi- 
foliated  forms  of  the  gneissose-granite ;  and  further  on  I  shall  shew  that  a  micros- 
copical investigation  of  the  Hansuri  band  bears  out  this  view. 

Specimen  No.  y^^,  locality  a  little  north  of  Sirobagar.  Sp.  gr.,  275.  Contains 
56*91  per  cent,  of  silica.  This  was  the  most  massive,  and  the  least  altered  by  sub- 
sequent pressure. 

Microscopical, — A  very  large  portion  of  the  ground-mass  appears  dark  and 
unchanged  under  crossed  nicols,  indicating  the  presence  of  a  glassy  base  or  one 
very  slightly  altered  indeed.  The  whole  of  the  slice  appears  even  darker  in  tint  thau 
the  glass  of  the  slide  owing  to  the  presence  of  a  large  amount  of  opacite  in  irregular 
minute  grains.  Thickly  disseminated  in  the  base  is  a  sprinkling  of  microlites  of 
plagioclase  felspar,  all  radiating  in  difiEerent  directions.  They  generally  shew  twin- 
ning, the  twins  extinguishing  under  crossed  nicols  very  nearly  parallel  with  the  nicols 
and  almost  simultaneously;  a  very  few  larger  micro-crystals  of  plagioclase  dotted 
about  the  field  shew  it  more  markedly.  This  is  characteristic  of  oligoclase.  A 
faintly  fibrous  green  mineral,  probably  chlorite,  is  irregularly  intermingled  with  them, 
and  has  no  effect  on  polarized  light.  It  is  also  collected  together  in  many  of  the 
amygdules,  which  are  usually  round  or  oval  in  section.  In  some  pear-shaped 
amygdules  containing  this  green  mineral  there  is  evidence  of  a  slight  general  effect 
of  greater  darkening  in  certain  directions  when  the  nicols  are  crossed  and  the  stage 
revolved,  but  generally  they  remain  completely  dark.  There  is  no  trace  of  micro- 
quartz  in  the  slide,  the  only  form  of  silica  being  the  chalcedony  of  the  amygdules. 
This  appears  rather  to  have  been  injected  from  a  foreign  source  into  the  rock 
than  to  have  been  derived  from  the  surrounding  portions  of  it.  There  are  no 
minerals  belonging  to  the  amphibole  or  pyroxene  groups.  The  amygdules  of  chlorite 
may,  it  is  true,  represent  material  derived  by  alteration  of  one  of  these  minerals ;  but 
from  the  large  amount  of  viridite  in  the  ground-mass,  they  may  be  merely  segrega- 
tions of  that  material  which  in  itself  never  had  the  opportunity  of  crystallizing  out  in 
the  form  of  hornblende  or  augite ;  in  other  words,  as  Col.  McMahon  suggests  for  the 
Darang  lavas,  the  glassy  base  may  have  been  partly  altered  into  viridite.  The  most 
marked  appearance  in  this  rock-slide  is  undoubtedly  the  chalcedony.  The  amyg- 
dules of  it  are  frequently  encased  in  a  thin  layer  of  chlorite  and  calcite.  A  concentric 
zonal  arrangement  of  the  silica  marks  the  growth  lines  within  the  original  vesicle. 
Irregular  cracks  traverse  the  substance.  On  crossing  the  nicols  the  mass  of  the 
amygdule  splits  up  into  sub-angular  portions,  each  of  which  shews  a  radiating  or 
sometimes  parallel  streakiness  of  grey-blue  and  pale  yellow  colours,  which  darken 
in  directions  parallel  with  the  crossed  nicols  when  the  stage  is  revolved,  thus  par- 
tially displaying  a  black  cross.  The  zonal  arrangement  seen  by  ordinary  light  is 
always  at  right  angles  to  the  radiating  structure  seen  in  polarized  light. 

No.  -^.    A  dark  greenish-grey  compact  rock,  slightly  fissile,  the  amygdules  a 
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little  flattened  and  drawn  out.  This  specimen  very  much  resembles  f^  being  taken 
in  fact  from  almost  the  same  locality.  The  ground-mass  is  very  slightly  coarser  and 
richer  in  microlites  of  oligoclase.  The  latter  are  longer  and  very  slender,  almost 
like  hairs,  and  often  collected  in  stellate  or  cruciform  groups.  The  large  amygdules 
shew  no  differences  worthy  of  note  except  with  regard  to  their  included  crystallites. 
These  are  larger  and  appear  to  be  mulberry  groupings  arranged  in  rod-like  forms  as 
well  as  circular.  The  chlorite  amygdules  are  very  marked,  each  with  a  border  of 
chalcedony.  Another  set  of  irregular  lacunae  are  filled  by  an  intimate  granular 
mixture  of  viridite  and  chalcedony.  There  is  then  no  radiating  but  only  a  very  fine 
granular  structure  under  crossed  nicols,  the  viridite  having  hindered  the  proper  action 
of  the  spherulite-forming  forces. 

No.  yfg*.  A  greenish  grey  very  fissile  rock,  the  amygdules  being  completely 
drawn  out  into  blotches.  It  is  taken  from  near  the  same  locality  as  the  two  previous 
specimens,  but  not  far  from  the  surface  of  the  flow.  It  resembles  them  very  much 
in  its  intimate  structure,  but  the  re-arrangement  of  the  particles  of  the  rock  in  parallel 
directions  is  as  marked  under  the  microscope  as  is  the  fissile  character  in  the  hand. 
The  microlites  of  triclinic  felspar  are  a  little  more  ragged  and  kaolinised,  and  are 
not  so  sharp  as  in  the  preceding  examples ;  still  there  is  no  clastic  appearance  what- 
ever, no  suggestion  that  it  is  an  ash.  The  lacunae  full  of  chlorite  appear  teased  out 
at  their  ends  and  amalgamated  more  or  less  with  the  ground-mass  as  also  do  the 
clusters  of  opacite.  The  slice  has  a  general  striped  appearance  in  consequence. 
The  teasing  out  of  the  opacite  clusters  is  very  characteristic,  and  perfectly  resembles 
the  spluttering  caused  by  a  bad  pen. 

No.  yf^.  A  slightly  coarser  grained  rock  than  the  above,  of  greenish-grey  colour, 
from  the  same  locality.  The  amygdules  to  the  eye  have  almost  lost  their  individuali- 
ty. The  parallelism  of  some  of  the  larger  needles  of  triclinic  felspar  and  of  the 
i^acite,  and  the  thin  drawn  out  shred-like  edges  of  the  green  mineral  where  it  fills 
lacunae,  all  shew  the  foliated  or  cleaved  condition  of  the  rock  perfectly  well.  Much 
of  the  green  mineral  in  the  ground-mass  appears  restricted  in  a  more  marked  way 
than  in  any  of  the  other  specimens,  as  though,  owing  to  the  coarser  nature  of  the 
rock,  it  represented  the  altered  result  of  some  previously  half-crystallized  mineral. 
Under  the  \  inch  objective  there  can  be  seen  numerous  small  fragments  and  aggre- 
gates of  a  greenish-yellow  mineral.  It  is  impossible  to  say  whether  these  belong  to 
epidote,  which  seems  most  likely,  or  to  some  form  of  amphibole  cm:  pyroxene. 

Gwar  cmd  Biraon,  along  the  ridge  N,  from  Charmarguri  trigonometrical  station. 
— ^The  first  three  specimens  to  be  mentioned  have  a  very  general  resemblance  to 
those  from  N.  of  Sirobagar,  but  the  remainder  shew  a  gradual  change  into  a  com- 
pletely holo-crystalline  rock.    The  localities  are  within  a  few  miles  of  one  another. 

No.  yfiy  Biraon. — It  very  much  resembles  No.  yfy  from  near  Sirobagar.  A 
good  many  of  the  lacunae  filled  with  chlorite  are  teased  out  in  appearance  and  the 
arrangement  of  the  microlites  of  felspar  is  somewhat  parallel. 

No.  yfr  Biraon. — ^Under  the  microscope  this  rock  presents  a  wavy,  drawn-out 
aspect  (not  unlike  flow-structure)  of  alternating  layers  of  viridite  and  finely  granular 
quartz,  containing  great  numbers  of  twisted  and  broken  microlites  of  oligoclase.  The 
pale  bright  green  layers  of  viridite  under  the  \  inch  objective  have  the  usual  fibrous, 
faintly  linear  arrangement,  which  so  strangely  mimics  flow-structure  in  a  glassy  rock 
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that  it  is  difficult  to  explain  them  entirely  on  the  supposition  that  they  are  only  drawn- 
out  amygdules,  and  not  part  of  the  original  glassy  base  altered  into  viridite.  Ptob- 
ably  the  truth  lies  between  the  two.  The  granular  quartz  layers,  however,  are  un- 
doubtedly merely  a  further  stage  of  a  crushing  out  of  the  chalcedony  amygduks,  or 
rather  of  the  less  pure  ones  mentioned  in  No.  -y-f^.  Magnetite  is  present  in  large 
quantities,  as  clusters  drawn  out  with  the  rest  of  the  rock  structure,  and  twisted  into 
most  fantastic  shapes.  Under  the  high  powers  it  appears  to  be  aggregations  of  very 
small  four-sided  figures.  There  is  another  mineral  which  cannot  well  be  distinguish- 
ed from  the  magnetite  under  the  i-inch  objective,  but  which,  under  the  \  and  \ 
inch,  comes  out  distinct  from  it.  Jt  is  present  in  the  form  of  irregularly  circular  or 
hexagonal  figures,  of  dull  olive-green  colour  and  with  no  action  on  polarized  light. 
With  them  are  associated  some  very  minute  red  garnets,  so  that  it  seems  probable 
that  the  former  are  the  melanite  variety  of  garnet.  Epidote  in  brightly  polarizing 
grains  and  in  short  prisms  is  also  present  in  very  small  quantities. 

No.  yi^  Gwar. — ^This  specimen  and  the  next  to  be  described  both  shew  a 
smaller  amount  of  the  original  glassy  base  and  a  relatively  more  devel(^ed  stage  of 
the  microlites  of  felspar.  The  present  specimen  is  an  aggregate  of  small  micro- 
crystals  of  oligoclase  in  lath-shaped  sections  very  well  and  strongly  developed,  but 
shewing  a  considerable  amount  of  granular  kaolinisation  under  polarized  light,  with 
feeble  colours.  They  are  set  in  a  very  small  amount  of  base  in  which  the  opacite  is 
scarcely  separable.  Lacunae  of  chlorite,  though  of  irregular  contours,  are  very  dis- 
tinct from  the  base  itself  in  which  there  is  but  little  of  the  green  mineral.  There  is 
no  free  quartz,  nor  are  there  any  amygdules  of  chalcedony. 

No.  y^.  Gwar* — This  rock  is  a  fortunate  link  between  the  more  eruptive  cha- 
racter of  the  foregoing  specimens  and  the  more  thoroughly  crystalline  forms  to  be 
described  next.    It  is  not  composed  entirely,  either  of  large  crystalline  elements,  or 
of  microlites ;  but  it  is  a  porphyritic  rock.    The  porphyritic  crystals  are  large,  fre- 
quently rectangular  felspars,  much  altered  into  quartz  of  corrosion,  but  there  are  not 
many  in  the  slide.    There  are  also  a  few  crystals  intermediate  between  these  and 
microlites,  which  often  shew  twinning,  the  angle  of  the  hemitrope  section  giving  be- 
tween the  two  extinctions  a  value  of  about  38°  in  some  cases,  and  lesser  values  in 
others.    The  porphyritic  crystals,  owing  to  their  corrosion,  are  quite  unrecognizable ; 
the  developed  quartz  granules  not  even  polarizing  concordantly.    The  microlites  in 
the  glassy  base,  which  form  the  ground-mass,  all  shew  extinction  angles  of  the 
smallest  possible  amount,  viz.,  about  3°.     Many  are  twinned,  the  twins  extinguishing 
almost  simultaneously.    It  seems  probable  therefore  that  the  whole  of  these  felspars 
are  really  triclinic  and  oligoclase.    The  rest  of  the  ground-mass  closely  resembles 
that  of  Nos.  yfg^  to  yf^. 

No.  T-fy  N,  of  Gwar, — A  finely  holo-crystalline  greenish  rock.  Sp.  gr.  2*70. 
In  the  hand,  and  when  a  thin  slice  is  held  up  to  the  light,  it  appears  to  be  a  mixture 
of  felspar  and  some  greenish  mineral ;  but  when  it  is  applied  to  the  microscope  the 
felspar  is  discovered  to  contain  quartz-pegmatoid  and  also  quartz  of  corrosion 
(Fouqu^  and  Levy) ;  that  is  to  say,  the  felspar  has  intergrown  with  the  quartz  to 
form  the  pegmatoid  structure,  and  has  been  changed  by  infiltration  of  silica  to  form 
the  corrosion  structure.  Very  little  of  the  original  felspar  is  left  in  the  latter  case 
but  sufficient  to  be  recognized. 
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In  diagmm  I,  4  I  have  sketched  an  example  of  corrosion  of  the  felspar,  which 
very  mnch  resembles  that  figured  by  Fottqu6  and  Levy,^  but  in  the  slide  under 
description  there  seems  to  be  an  intermingling  of  this  structure  with  the  pegmatoid 
structure.  The  cuniform  outlines  of  the  quartzes  in  the  felspar  shape,  which  are 
sometimes  Z-like,  sometimes  hexagonal  or  irregular,  are  fitted  together  at  their 
angles  and  occasionally  run  into  a  vermicular  radiating  structure  towards  some  point 
in  the  changed  felspar.  They  always  extinguish  light  under  crossed  nicols  simulta- 
neously in  the  same  crystal  of  corroded  felspar,  that  is  to  say,  each  of  the  semi- 
detached portions  of  the  quartz  have  a  connected  crystalline  structure  as  if  they 
were  figures  stamped  out  of  a  single  quartz.  According  to  Fouqu6  and  Levy 
the  development  of  the  quartz  of  corrosion  must  have  taken  place  after  the  solidi- 
fication of  the  felspar,  and  there  seems  no  doubt  that  this  has  been  the  case  here, 
for  the  'original  outline  of  the  felspar  is  quite  sharp  and  distinct  as  indicated  by  the 
edges  of  the  corrosion  quartz.  Nevertheless  triangular  quartz  sections  joined  to 
each  other,  apex  to  base  (not  seen  in  the  diagram)  in  lines  parallel  or  radiating 
towards  a  centre, —  all  of  which  structure  is  characteristic  of  quartz-pegmatoid vin- 
dicate simultaneous  crystallization  of  felspar  and  of  quartz.  Since  then  these  two 
structures  are  found  together  in  the  same  rock  melting  into  each  other,  though  one 
may  be  a  primary  and  the  other  a  secondary  structure,  they  must  be  nearly  rela- 
ted.  Possibly  the  latter  followed  very  hard  on  the  crystallization  of  the  felspar ; 
or  the  originally  felspathic  rock  was  sufi&ciently  re-heated  and  charged  with  silica  as 
to  allow  the  molecules  to  re-arrange  themselves  into  the  pattern  of  quartz-pegma- 
toid. 

A  previously  twinned  structure  in  the  felspar  is  indicated  by  the  quartz  of  corro- 
sion pattern  polarizing  in  different  shades  on  each  side  of  the  median  line.  The 
singly  twinned  felspars  and  the  non-twinned  felspars  may  be  orthoclase,  but  it  is  dif- 
ficult to  say  with  certainty. 

The  remainder  of.  the  rock  consists  mainly  of  long,  singly  twinned  prisms  of 
dark  greenish-grey  colour  under  the  i-inch  objective,  but  which  under  the  higher 
powers  shew  as  crystal,  outlines  with  minute  grains  of  chlorite  dotted  about  them. 
The  few  spaces  of  the  field  between  and  among  the  above  mentioned  minerals  are 
occupied  by  chlorite,  whose  minute  portions  and.  fibrils  polarize  independently, 
giving  a  speckled  or  irridescent  effect.    Opacite  abounds,  in  irregular  grains. 

This  altered  rock  may  have  been  originally  a  diorite  or  syenite ;  but  it  is  im- 
possible to  say  mth  certainty  whether  the  felspar  was  orthoclose  or  not,  and  wheth^ 
the  greenish-grey  prisms  were  originally  hornblende  or  augite.  On  the  whole,  analogy 
would  prefer  to  call  it  a  metamorphosed  diorite. 

No.  yfy.  N.  of  Gwar. — A  reddish  finely  holo-crystalline  rock.  Seen  in  the  hand 
alone  it  resembles  a  diorite  or  syenite;  but  under  the  microscope,  as  in  the  previous 
example,  the  felspar  appears  changed  into  quartz  of  corrosion.  There  is  also 
apparently  some  original  granular  qUartz,  not  merely  replacing  the  altered  felspar. 
Quartz*pegmatdd  structure  is  rare.  The  green  mineral  is  altered  beyond  recogni- 
tion into  chlorite,  but  from  the  long  prisms  and  by  analogy  it  seems  likely  to  have 
been  hornblende.    They  are  often  long,  singly  twinned,  dark  grey,  prisms,  intact, 

'  Min^ralogie  micrographique.    Planche  XI,  2. 
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but  having  very  little  effect  on  polarized  light.  Opacite  Is  present  in  grains  and 
also  in  irregular  blotches  and  pseudomorphs  after  replaced  crystals  of  the  ntikiiown 
green  mineral. 

No.  xfy.    Across  the  river  opposite  Limeri  near  RudarprcBg. — ^A  dark-green, 
coarsely  granular  rock  with  glistening  crystals.    Sp.  gr.  3*06.     It  is  perfectly  holo- 
crystalline,  containing  large  lath-shaped  prisms  of  felspar  which  remain  nnifonn 
under  polarized  light,  or  darken  so  slightly,  owing  to  their  alteration,  as  to  be  unde- 
terminable, by  the  extinction  angles.    There  is  a  yellowish  of  greenish  mineral  polariz- 
ing in  bright  colours.    Most  of  it,  of  a  pale  and  cold  tint  is  not  dichroic  and  is  much  cut 
'  up  by  cleavage  planes,  which  blacken  and  become  wider  in  certain  portions  of  the 
crystals.    A  broken  octagonal  section  shewed  three  very  distinct  cleavages  (see  di- 
agram I,  5),  the  most  developed  being  parallel  with  the  clino-pinacoid,  and  two  others, 
nearly  at  right  angles  to  each  other,  being  parallel  with  the  faces  of  the  rhombtc  prism- 
The  mineral  is  therefore  diallage.    Other  sections  of  it  shew  it  to  be  diallage  or  augite 
according  as  the  clino-pinacoidal  cleavage  is  strongly   or  weakly  marked.    The 
outer  portions  of  some  sections  of  this  mineral  shew  a  change  from  the  cold  yellow, 
which  is  not  dichroic,  into  a  warmer  more  greenish-yellow,  which  is  highly  dichroic. 
They  also  shew  m  parts  the  cleavage  of  hornblende.    A  hexagonal  basal  section, 
(see  diagram  I,  6),  adjoining  one  of  these  hornblende  borders  shews  the  charac- 
teristic rhombic  cleavage  of  that  mineral,  the  angle  measuring  123.^    This  section  is 
strongly  dichroic  and  extinction  takes  place  under  crossed  nicols  dividing  the  angle 
of  123.°    The  rock  contains  therefore  both  hornblende,  and  diallage  or  augite;  and 
the  first  seems  to  be  produced  by  alteration  of  the  others.    A  further  stage  of  alter- 
ation is  reached  by  the  production  of  chlorite,  which  in  many  cases  replaces  the 
whole  of  the  green  mineral  and  is  invaded  by  blotched  parallel  lines  of  magnetite, 
which  has  been  aggregated  by  infiltration  along  cleavage  cracks.    The  chlorite  is  in 
fairly  large,  fan-shaped  tassels,  which  polarize  light  in  pale  but  brilliant  colours. 
The  felspars  are  the  most  perfect  in  shape  and  crystallized  first.    Then  came  the  green 
mineral,  which  only  very  occasionally  has  a  half-perfect  crystalline  form.    Finally, 
there  is  a  small  amount  of  quartz,  filling  in  the  inter-spaces.     It  is  never  present  in 
rounded   grains  or  regular  hexagons,  but  always  in  groupings  suggestive  of  a 
secondary  origin  by  corrosion.    The  irregularly  shaped  grains  are  roughly  fitted 
together,  but  with  thick  dark  bordering  lines,  and  not  in  polysynthetic  aggregation. 
They  polarize  simultaneously  in  groups,  and  in  many  respects  resemble  the  cor- 
rosion quartz  in  Nos.  -7^  and  ^f^,  but  they  never  so  manifestly  take  the  place  of  the 
felspars  as  in  those  rocks. 

There  are  other  small  groups  of  a  clear  colourless  mineral  with  a  tesselated  ap- 
pearance which  remain  dark  under  crossed  nicols.  They  must  be  tridymite,  (See 
diagram  I,  7.)  Along  with  much  of  the  chlorite  and  the  secondary  corrosion  quartz 
just  mentioned  they  fill  up  lacunae  among  the  other  crystalline  elements  of  the  rock 
and  are  probably  due  to  secondary  causes  entirely. 

This  is  an  interesting  specimen  in  connection  with  those  previously  described, 
for  it  is  the  first  having  a  holo-crystalline  structure,  which  definitely  shews  what  the 
original  green  mineral  was  which  is  represented  in  the  more  eruptive  rocks  by  chlorite 
or  some  unrecognizable  mineral.  I  will  return  to  this  subject  after  some  few  more 
rocks  from  a  neighbouring  locality  have  been  described. 
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No.  7^7  Sonal  near  Dhanpur,-'  A  greenish-grej  findy  gFanular  rock.  It  is 
3lo-crystalline,  composed  of  triclinic  felspars  in  long  Uades,  8nd  augite  in  broken^ 
risms  and  a  few  basal  sections.  The  augite  is  of  pale  gieenish-yellow  colour.  It 
not  dichroic,  and  the  octagonal  basal  sections  shew  cleavage  angles  of  about  84^ 
he  prisms  also  shew  angles  of  extinction  at  their  sides  in  sonae  cases  nearer  30^ 
lan  20^.  Thus  there  is  no  doubt  Uiat  the  nvineral  in  this  case  is  augite,  and  not 
omblende.  Only  in  a  few  places  in  the  slide  has  the  augite  become  altered  at 
le  edges  into  a  much  warmer,  darker,  dichroic  mineral.  This  is  no  doi^t  a  stage 
receding  the  development  of  hornblende.  There  is  no  chlorite  in  the  rock  at  alT. 
he  polarization  colours  of  the  augite  are  very  brilUant.  The  triclinic  felspars  are 
luch  kaolinized  and  shew  but  little  twinning  and  darkening  under  crossed  nicols. 
s  species  cannot  therefore  be  determined.  There  are  a  few  irregular  giannlar 
iiartzes  in  the  rock,  but  there  is  no  corrosion-quartz  certainly  present.  Opacite  is 
resent  in  irregular  grains  and  pseudomorphous  after  augite.  The  mineral  composi- 
on  of  this  rock  taken  in  connection  with  that  of  the  preceding  one  indicates  that 
nong  the  whole  spread  of  these  basic  lavas  there  are  numerous  passages  between 
abbros,  diabases,  and  diorites ;  and  it  follows  that  the  hemi-crystalUne  represen- 
tives  of  these  which  only  contain  the  green  mineral  chlorite  cannot  ther^ore  be 
illed  definitely  either  basalts  or  andesites*  *^* 

No.  -rfy  S,  of  Dhanpur.'^X  greenish  grey  fissile  rock.  Under  the  microscope* 
is  composed  of  irregular  layers  of  chlorite  and  granular  quartz  set  in  a  still  finer 
latrix  of  broken  and  crushed  up  material,  cataclastic  in  nature  perhaps  rather 
lan  pyroclastic.^  It  seems  to  be  a  further  stage  of  the  crushing  up  of  a  flow,  in 
hich  the  triclinic  felspar  has  become  kaolinized,  and  corroded,  and  rolled  out,  a» 
were,  under  pressure  into  granular  quartz  interbanded  with  chlorite.  Opacite  is  in 
regular  grains  and  in  long  dusty  clouds.  The  rock  is  therefore  a  chloritic  schist 
hich  represents  the  ultimate  stage  of  alteration  of  the  basic  lava. 

No.  Y^T-  ^^^^  Bha/Hwdlt.^^An  inky-purple  coloured,  finely  cleaved  rock, 
his  is  so  often  found  associated  near  the  edges  of  the  undoubted  lava  flows  that, 
ough  it  has  all  the  appearance  in  the  hand  of  being  a  slaty  rock,  it  must,  I  think, 
I  put  down  as  a  crushed  igneous  rock,  the  same  generally  as  the  last  described, 
nder  the  microscope  it  is  seen  to  be  composed  of  a  very  fine  clear  granular  matrix, 
try  densely  crowded  with  opacite  in  hazy  clusters  drawn  out  with  the  cleavage  of 
e  rock.  When  the  nicols  are  crossed  the  ground-mass  shews  a  very  fine  crypto^ 
ystalline  assemblage  of  little  needles  of  felspar  and  other  granular  material  of  the 
lest  description.  There  is  no  augite  or  other  green  mineral.  I  cannot  say  definitely 
at  it  is  not  an  ash,  but  I  should  incline  rather  to  consider  it  as  cataclastic  than 
Toclastic. 

We  may  now  sum  up  generally  the  whole  of  the  evidence  afforded  by  this  basic 
Icanic  series,  and  see  what  results  it  leads  to,  and  in  what  respects  the  rocks  agree 
th  the  Darang  series. 

(i)  The  flows  are  massive  towards  the  centre,  and  foliated  or  cleaved  at  the  up- 
T  and  under  surfaces.    From  the  evidence  of  the  amygdules  these  structures  seem 
be  due  to  pressure  acting  on  the  rock  through  long  ages  after  it  had  cooled,  and 
>t  to  be  due  (at  least  mainly)  to  differential  motion  of  the  particles  by  fluxion. 

>  Using  the  terms  lately  proposed  bjr  Mr.  Teall,  Geo!.  Mag.  Decade  III,  Vol.  IV.,  p.  403. 
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(2)  The  felspars  in  the  eruptive  phases  of  the  rock  are  always  oligoclase/ clear, 
pellucid  and  twinned ;  and  they  grade  upwards  in  size  from  very  minute  ragged 
needles  to  large  microlites  and  micro-crystals,  as  the  more  holo-crystalline  varieties 
are  reached. 

(3)  The  intimate  structure  of  the  foliated  rock^een  under  the  higher  powers  of  the 
microscope  shews  as  clearly  as  in  the  hand  specimen  its  drawn  out  or  cleaved 
condition  by  the  parallelism  of  the  felspar  microlites,  and  the  smudging  out  of  the 
opacite,  chlorite,  and  chalcedony.  A  final  disintegrated  condition  of  the  felspar 
gives  with  the  chlorite  a  simple  chloritic  schist. 

(4)  As  the  rock  becomes  perfectly  holo-crystalline,  the  felspars  appear  {a)  kaoli- 
nized,  so  as  to  preclude  recognition  by  the  polariscope ;  {h)  changed  into  quartz  of 
corrosion,  with  the  same  result ;  {c)  in  the  pattern  of  quartz-pegmatoid. 

(5)  The  green  mineral  in  the  more  eruptive  phases  of  the  rock  is  always  viridite 
with  no  action  on  polarized  light ;  or  some  form  of  chlorite  in  fine  fibrils  or  fan- 
shaped  clusters,  with  positive  action  on  polarized  light ;  or  occasionally  epidote  in 
minute  quantities.  No  augite  or  hornblende  have  been  detected  in  the  rocks  whith 
possess  a  glassy  or  slightly  altered  glassy  base.  Probably  much  of  the  pale,  clear 
viridite  represents  an  altered  condition  of  the  base  as  suggested  by  Col.  McMahon, 
but  in  many  cases  the  restricted  patches  of  it  seem  to  point  to  a  change  in  situ,  from 
some  pre-existent  cr}stal  of  amphibole  or  pyroxene. 

(6)  In  the  holo-crystalline  rocks  we  find  the  green  minerals,  augite,  diallage  and 
hornblende  co-existing  with  felspars,  kaolinized  beyond  recognition  or  changed  to 
quartz  of  corrosion.  We  find  opacite  in  pseudomorphs.  Chlorite  is  rare  along  with 
augite,  but  the  borders  of  the  latter  shew  alteration  into  hornblende.  Where  both 
augite  and  hornblende  are  present  chlorite  begins  to  predominate.  Diallage  is 
present  in  some  few  specimens  passing  from  or  into  augite.  We  seem  to  be  driven 
to  the  conclusion,  therefore,  that  the  beginning  of  the  green  minerals  in  these  rocks 
was  as  a  chloritoid  mineral  and  the  final  end  of  them  the  same.  Those  stagesrof  the 
rock  in  which  crystal-building  was  arrested  by  prompt  cooling  shew  it  in  the  ground- 
mass  and  also  in  lacunae  to  the  exclusion  of  other  minerals ;  and  the  fully  crystalliz- 
ed stages  also  shew  it  as  the  result  of  the  breaking  up  of  the  other  minerals. 

(7)  The  Darang  lavas  described  by*  Col.  McMahon  have  therefore  some  points 
in  common  with  these  rocks  as  a  whole,  though  not  with  any  one  in  particular.  In 
the  first  place  they  cannot  be  distinguished  in  the  hand  specimens,  particularly  Nos. 
7  and  1 1  of  his  published  series  which  shew  slightly  crushed  amygdules.  Next  the 
large  amount  of  viridite,  or  some  form  of  chlorite  is  strikingly  like  the  cases  I  have 
described.  He  has  however  found  augite  in  the  hemi-crystalline  forms,  whereas  in 
this  neighbourhood  there  is  no  unaltered  green  mineral  present,  save  in  those  of 
holo-crystalline  structure.  With  regard  to  the  felspars,  I  think  they  are  identical,  at 
least  in  the  more  eruptive  phases  of  the  rock.  Col.  McMahon  names  the  felspars 
of  No.  I  of  his  Darang  series  labradorite,  but  in  sections  I  had  made  of  this  rock  and 
of  No.  2  of  the  same  set  the  microlites  extinguished  under  crossed  nicols  at  a  very 
small  angle  with  their  sides,  certainly  not  more  than  3®,  which  is  .a  characteristic 
of  oligoclase.  The  almost  simultaneous  extinction  of  the  twinned  halves  also  bears 
the  same  interpretation. 

(8)  Owing  to  the  evident  change  which  has  been  induced  in  all  these  rocks  by 
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permeation  of  acid  waters,  which  has  saturated  them  in  places  and  left  them  intact 
in  others,  but  little  reliance  can  be  placed  on  data  derived  from  their  specific  gra- 
vities and  percentages  of  silica. 

(9)  With  regard  to  the  stratigraphical  classification  of  these  volcanic  strata,  I 
can  do  little  beyond  throwing  out  a  hint,  that  their  wide  extension,  apparent  great 
thickness,  and  general  resemblance  to  the  Darang  and  Bombay  basalts,  should 
make  us  look  towards  the  corresponding  great  thickness  of  the  lava-fields  which 
form  the  Deccan  in  Peninsular  India  for  their  most  likely  equivalents.  This  would 
make  them  about  cretaceous  in  age ;  and  if  the  massive  limestone  which  underlies 
them  corresponds  to  the  massive  limestone  which  underlies  the  Til  beds  in  W. 
British  Garwal,  this  conclusion  is  further  warranted  by  the  mesozoic  age  of  the 
fossiliferous  Til  beds.*  There  are  some  diflSculties,  however,  in  the  way  of  this 
correlation — their  possible  equivalence  with  the  Chakratas  in  Jaunsar  being  one — so 
that  I  do  not  think  it  worth  while  developing  the  idea  any  further  at  present. 

PART  II. 

PINDWALNI   ROCK. 

I  will  now  pass  on  to  mention  a  rock  which  I  am  grouping  next  these  basic 
lavas,  although  it  is  completely  isolated  from  them,  occurring  in  fact,  among  the 
Dudatoli  schists,  and  although  it  is  perfectly  holo-crystalline  and  of  a  still  more  basic 
character  than  they.  I  have  called  it  the  Pindwalni  rock,  as  it  is  exposed  very  near 
the  village  of  that  name  distant  4f  miles  north  35^  west  from  the  north  peak  of 
Dudatoli  (10,188  feet).  I  came  across  this  rock  loose  in  stream-beds  many  times 
before  I  could  trace  it  to  its  home,  notably  as  pebbles  in  the  Chlfalghat  or  west  Nyar 
river  near  Paithana ;  in  the  Pindwalni  stream ;  and  in  the  small  streamlet  south  of 
Bhalson  opposite  Bani  Thai.  In  siiu  I  eventually  found  it  2  miles  south-east  of 
Khand  M.,  on  the  Chifalghat,  and  about  ^  mile  ?outh-west  of  Bhalson.  It  is  there  in 
the  form  of  a  thin  dyke  (30  feet  ?).  Occurring  in  this  region  it  is  of  interest  as  being 
very  analogous  to  the  so-called  dolerite  of  the  Chor,  and  I  shall  shew  later  on  that 
its  mineralogical  composition  is  very  probably  almost  identical  with  that  rock,  as 
described  by  Colonel  McMahon.' 

No.  ^fff  ^^^^  Pindwalni.^k  very  dark  greenish  rock  exceedingly  tough  and 
difl&cult  to  break  with  the  hammer.  Sp.  gr.  301.  Contains  40  per  cent,  of  silica. 
The  low  percentage  of  silica  in  this  rock  and  its  high  specific  gravity  prepared  one 
to  expect  the  presence  of  either  anorthite  or  labradorite  as  the  felspar  representative. 
Under  the  microscope  this  is  found  to  be  the  case,  the  rock-slice  appearing  as  a 
holo-crystalline  jnixture  of  clear  pellucid  labradorite  crystals,  elaborately  twinned 
and  full  of  small  crystallites ;  together  with  a  pale  yellow  mineral,  in  small  quan- 
tities; and  a  darker  greenish  mineral,  generally  decomposed  beyond  recognition 
into  a  chloritoid  result.  Titaniferous  iron  is  also  present.  Taking  the  last  mineral 
first  for  consideration,  it  is  found  largely  represented  either  in  irregular  grains  of 
opaque  black  material,  or  as  skeleton  trough-like  forms,  roughly  hexagonal,  with 
growth  or  decay  lines  crossing  one  another  at  angles  of  about  72°    Among  the  six 

»  See  Rec.  G.  S.  I.,  Vol.  XX,  p.  34.      * 
*  See  Rec.  G.  S.  I.»  Vol.  XX,  p.  113* 
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sections,  I  had  made  of  this  rock,  I  fonnd  occasionally  a  bordering  or  striping  of 
the  mineral  with  a  neutral  tinted  substance,  which  is  probably  the  unknown  leu- 
coxene.  Deep  amber-coloured  sphenes  of  small  size  are  also  fairly  numerously 
dotted  about  in  one  section. 

The  other  minerals  in  the  rock  are  homblendei  very  much  altered ;  angite  in 
small  quantities  \  and  mica,  which  last  is  only  found  in  one  section.  The  horn- 
blende was  for  a  long  while  undistinguishable,  as  several  of  the  prepared  slides  shew- 
ed too  much  alteration  of  it  into  a  chloritoid  mineral.  Eventually  one  of  the 
sections  gave  a  number  of  slightly  dichroic  brownish-green  irregular  forms,  among 
which  those  with  a  prominent  cleavage  in  one  direction  made  extinction  angles  of 
2.0^  and  under,  with  the  cleavage;  and  one  displayed  a  basal  section  with  two 
sharply  marked  cleavages  exactly  at  an  angle  of  124^  with  each  other.  Generally, 
however,  the  hornblende  is  so  wholly  altered  as  to  have  nothing  but  an  aggregate 
effect  on  polarized  light  after  the  manner  of  radiating  groups  of  chlorite.  The 
augite  is  a  very  pale  brownish  yellow  in  colour  shewing  no  dichroism.  It  possesses 
ragged  outlines  and  is  usually  set  in  a -mass  of  hornblende  or  altered  hornblende. 
There  were  no  sections  characteristic  of  augite,  but  its  scaly  surface*  numerous 
cleavage  planes  and  brilliant  polarization  colours  seem  to  indicate  this  mineral  un- 
mistakably. It  seems  extremely  probable  that  the  augite  was  the  first  and  origin- 
al green  mineral  in  the  rock,  and  that  it  was  first  altered  into  hornblende  and  that 
in  turn  altered  into  chlorite.  Numerous  sections  bear  out  this  view,  for  the  cleavage 
lines  in  the  pale  nearly  colourless  augite  run  undisturbed  into  the  dark  brownish- 
green  dichroic  hornblende ;  although  the  minuter  structure  of  the  mineral,  including 
its  colour  does  not»fade  away  from  one  to  the  other,  but  is  very  abruptly  marked 
off  (see  diagram  II,  8). 

The  most  interesting  mineral  in  the  rock  is  the  labradorite.  It  is  coloured  a 
pale  warm  drab  of  lighter  and  darker  shades  melting  into  each  other.  It  occurs  in 
very  beautiful  twins  chiefly  after  the  albite  pattern,  associated  also  with  pericline 
•twins.  Carlsbad  twins  seem  also  to  be  combined  with  these  in  many  cases,  as  in- 
dicated by  the  change  in  the  direction  of  the  indistinct  basal  cleavage  on  each  side 
»of  the  twinning  line.  Numerous  examples  of  the  albite  twin  when  hemitrope  in  the 
zone  at  right-angles  to  the  clino-pinacoid,  shewed  angles  between  the  two  extinctions 
on  each  side  of  the  twinning  line  from  38*^  to  63°,  the  values  50**,  53°,  and  55**  pre- 
dominating. In  rectangular  sections  with  two  very  distinct  cleavages  nearly  at 
right-angles  to  each  other  there  was  once  visible  between  the  two  hemitrope  extinc- 
tions an  angle  of  62°  which  is  the  greatest  possible  for  labradorite.  There  were 
none  exceeding  this  so  that  the  mineral  cannot  be  anorthite.  The  polarization 
colours  are  blue-grey  and  pale  yellowish-brown,  and  they  have  a  very  clear  defini- 
tion in  nearly  all  cases.  No  kaolinisation  whatever  of  the  felspar  has  taken  place, 
except  as  exhibited  in  one  section,  where  curiously  the  hornblende  is  better  preserved 
than  usual. 

A  striking  feature  in  the  labradorite  is  the  innumerable  small  clear  crystallites 
which  throng  it.    In  most  of  the  plagioclase  sections  they  seem  arranged  as  irregu- 
larly as  a  pack  of  cards  thrown  on  the  floor,  but  in  some  few  they  are  gathered 
along  definite  lines  either  parallel  with  the  sides  or  the  cleavages  of  the  labradorite. 
They  are  clear,  pellucid  and  colourless,  and  possess  a  fine,  but  distinct  outline.    Their 
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shapes  are  slightly  elongated  prisms,  rhombs,  hexagons,  and  rectangles  (see  diagram 
II,  9).  Some  appear  to  have  no  action  on  polarized  light,  others  have  a  feeble  action, 
the  colours  being  pale  blue-grey  and  yellow,  but  quite  independent  of  those  of  the 
labradorite  in  which  they  lie.  In  some  cases  they  are  scattered  sparsely,  and  in 
others  they  are  packed  into  dense  masses  so  as  to  slightly  obscure  the  natural 
appearance  of  the  felspar.  They  shew  no  internal  structure  such  as  cracks  or 
cleavage.  They  do  not  stand  out  with  the  characteristic  relief,  nor  have  they  the 
jointed  appearance  of  apatite  :  some  few  long,  jointed  prisms  of  apatite,  actually 
present  in  the  slide,  rendering  this  contrast  the  more  striking.  They  are  entirely 
confined  to  the  felspars  and  may  probably  be  tridymite,  developed  along  the 
cleavage  planes,  after  a  habit  which  tridymite  is  known  to  a£Fect.  The  presence  of 
undoubted  tridymite  in  slice  No.  y^  lends  support  to  this  idea,  and  favours  the 
theory  of  its  secondary  origin. 

There  is  no  free  quartz  in  the  rock-slice  as  would  be  expected  from  its  low 
percentage  of  silica:  a  percentage  which  also  makes  it  difficult  to  understand  even 
the  presence  of  the  tridymite,  although  doubtless  the  thinness  of  the  shapes  prevent 
their  aggregating  very  much.  In  this  connection  its  presence  at  all  in  such  rocks 
as  the  Limeri  rock  (No.-^)  is  remarkable,  as  it  is  generally  wanting  in  alf  basic 
rocks. 

I  have  not  seen  anything  that  I  could  with  certainty  call  olivine  in  the  rock. 
One  or  two  small  isolated  pale  minerals  which  I  have  classed  with  the  augite  may 
possibly  be  olivine,  but  I  am  inclined  to  think  that  it  is  ahogether  absent. 

The  specific  gravity  of  the  rock :  the  peculiar  colour  of  the  felspars  which  can- 
not be  resolved  under  the  higher  powers  of  the  microscope  into  any  thing  more  than 
a  faintly  striped  appearance  :  their  regular  shape :  their  belonging  to  the  labrador 
species :  the  irregular  ground-work  of  augite  and  hornblende  in  which  they  lie :  the 
clearness  of  the  twins,  and  the  forms  of  the  twins  :  the  forms  of  the  black  mineral 
in  large  decomposed  or  replacing  crystals,  and  the  change  of  it  partially  into  leu- 
coxene,  all  seem  to  correspond  in  a  marked  way  with  the  described  structure  of  the 
dolerite  of  the  Ohor.i  The  main  difficulty  in  the  way  is  the  apparent  absence,  in 
the  specimens  from  the  latter  place,  of  the  supposed  tridymite  in  the  labradorite. 
Still  that  mineral  may  be  the  effect  of  local  schillerization  in  this  particular  area. 

This  Pindwalni  rock,  as  I  have  already  mentioned,  is  typically  perfectly  massive 
without  any  parallelism  among  its  parts.  At  its  upper  and  lower  surfaces  however 
it  becomes  foliated  in  the  same  way  as  the  gneissose  granites  and  the  basic  lava  flows 
do.  It  was  unfortunately  impossible  to  obtain  a  specimen  of  the  foliated  portion  tn 
situ  for  slicing  sufficiently  undecomposed,  so  that  the  next  specimen  to  be  described 
had  to  be  collected  in  the  stream-bed  south-west  of  Bhalson.  As  this  stream  is  very 
small  and  the  Pindwalni  rock  crops  out  in  its  upper  part,  I  think  there  can  be  no 
reasonable  doubt  that  it  is  really  derived  from  the  same  bed  as  the  Pindwalni  rock, 
but  at  one  of  its  surfaces.  In  addition  it  may  be  mentioned  that  the  ordinary  Pind- 
walni rock  was  scattered  about  in  the  stream  in  the  immediate  neighbourhood. 

No.  -f\r.  Stream  south-west  of  Bhalson, — A  black  and  white  foliated  rock.  Under 
the  microscope  it  is  seen  to  be  very  well  foliated  indeed,  and  to  consist  largely  of  layers 
of  quartz  and  felspathic  material  interbanded  with  layers  of  a  decomposed  greenish 

• 

1  See  Vol.  XX,  p.  114. 
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mineral  either  hornblende  or  mica.  Eyes  of  felspar  are  seen  much  drawn  out,  cmsh- 
ed  and  corroded,  so  that  they  have  a  granular  appearance  especially  towards  the 
drawn  out  ends  of  the  eyes.  Under  the  %  inch  objective  by  ordinary  light  this  cor- 
roded or  crushed  structure  is  invisible,  but  there  is  seen  on  the  other  hand  very  pro- 
minently a  number  of  included  clear  crystallites  of  exactly  the  same  shape  and 
arrangement  as  in  the  felspar  of  the  Pindwalni  rock.  The  crushing  and  corrosion 
of  the  felspar  has  of  course  obliterated  all  signs  of  twinning. 

A  very  marked  feature  in  this  rock  is  the  black  mineral  which  is  in  irregular 
grains  surrounded  by  quite  a  thick  border  of  leucoxene  of  dark  neutral  grey  colour, 
shaded  towards  the  borders,  and  with  a  faint  aggregate  polarisation. 

PART  III. 

SCHISTS  AND   GNEISSOSE-GRANITE   NEAR   HANSURI. 

I  now  pass  on  to  describe  a  few  typical  specimens  taken  from  the  schistose  series 
and  gneissose  granite  on  the  south  side  of  the  Dudatoli  area.  In  section  I  of  these 
papers  I  gave  a  general  idea  of  these  rocks  viewed  macroscopically,  and  a  more  cir- 
cumstantial account  of  their  field  relations.  The  following  notes  will  therefore  strict- 
ly concern  their  structure  under  the  microscope. 

No  -g^.  Stream  below  Kainur. — Gametiferous  mica-schist  of  the  most  thorough- 
ly crystalline  type.  Under  the  i  inch  objective  the  mass  of  the  rock  is  seen  to  be 
made  up  of  clear  quartzes  polarizing  in  very  clear  and  fairly  vivid  colours.  They 
have  the  usual  granular  structure  belonging  to  a  thoroughly  crystalline  schist,  that 
is  to  say,  the  grains  with  irregular  outlines,  only  sometimes  visible  by  ordinary  light, 
shew,  when  the  nicols  are  crossed,  intricate,  curved  boundaries  between  differently 
coloured  crystalline  portions.  The  quartz  layer  as  a  whole  is  traversed  by  very  many 
irregular  cracks  which  cross  from  one  to  another  of  the  differently  polarizing  grains. 
There  is  thus  no  residual  sedimentary  structure  visible,  no  worn  grains  suggesting 
an  original  deposition  by  aqueous  causes  :  or  in  other  words  the  quartz  must  have 
been  at  the  period  of  its  metamorphism  in  such  a  state  as  to  allow  free  play  for 
the  molecules  to  arrange  themselves  into  crystalline  portions,  the  formation  of  one 
portion  being  only  interfered  with  by  the  formation  of  its  neighbour,  or  by  the  other 
crystalline  ingredients  in  the  rock. 

The  mica  of  pale  brown  and  brownish-yellow  colours  is  seen  distributed  in  plates 
and  irregular  grains  generally  parallel  with  the  foliation.  They  shew  no  cleavage. 
White  mica  is  also  present  running  in  long  lines  and  possessing  a  very  noticeable 
cleavage. 

Sharply  marked  off  from  the  other  constituents  of  the  rock  are  the  garnets  which 
are  pale  claret  coloured  with  a  very  well  marked  raised  outline.  Their  forms  are 
irregular  polygons,  generally  more  or  less  rounded.  They  are  perfectly  intact  without 
any  breakings  or  tendency  to  be  drawn  out  or  cracked,  as  in  the  case  of  the  St.  Ber- 
nard rock.  In  this  respect  they  differ  entirely  from  the  garnets  present  in  the  "  gneiss- 
granulitique"  of  the  snowy  range  at  Kedamath,  which  are  of  a  ragged,  shred-like 
aspect  as  though  merely  filling  interstices  among  the  other  minerals.  The  garnets 
are  of  several  sizes,  though  there  is  a  general  uniformity  in  this  respect  among  the 
majority  of  them.  A  few  very  minute  ones  are  just  discernible  under  high  powers 
(J^  and  ^  inch  objectives).    Within  each  of  the  larger  garnets,  which  is  of  course 
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dark  under  crossed  nicols,  there  shew  up  a  large  number  of  irregular  cavities  and 
included  portions  of  other  minerals.  Towards  the  centre  of  the  garnet  these  are 
quite  dense,  whilst  the  outer  border  of  the  garnet  is  quite  clear.  The  cavities  are 
chiefly  gas  cavities  of  oval,  lenticular,  and  irregularly  amoebif orm  shapes,  only  rarely 
shewing  polygonal  outlines  approximating  to  the  shape  of  the  garnets,  and  herein 
difEering  again  from  the  rocks  at  Kedarnath  in  which  the  garnets  shew  this  structure 
conspicuously.  The  gas  cavities  are  distinguished  by  their  black  borders  which 
shade  away  gradually.  There  are  other  irregular  inclusions  devoid  of  crystalline 
shape  which  shew  feeble  colours  under  polarized  light,  and  must  consequently  be 
some  included  crystallite.  Opacite  in  irregular  strings  and  blotches  is  also  included 
with  them,  and  occurs  nowhere  else  in  the  rock.  Some  few  inclusions  with  a  fine 
outline  seem  to  be  of  an  aqueous  nature. 

Besides  quartz,  mica,  and  garnets,  there  is  another  fine  fibrous  mineral,  clear 
and  of  pale  yellow  or  greenish  colour,  arranged  in  brush-like  aggregates  and  pola- 
rizing vividly  under  crossed  nicols.  The  brushes  of  this  mineral  run  among  the 
other  constituents  of  the  rock.  The  fibres  are  long  and  rod-like,  often  divided 
across  by  cracks,  which  split  them  up  like  the  usual  forms  of  apatite  or  of  bacteria. 
It  is  probably  sillimanite.  Doubtless  it  and  the  garnets  and  much  of  the  mica  were 
the  last  result  of  the  metamorphism  induced  by  the  gneissose-granite.of  Dudatoli. 

No.  jij.  From  near  the  same  locality  as  No,  7^. — Whilst  the  latter  represents 
more  definitely  a  foliated  richly  gametiferous  schist,  the  present  specimen  is  from  a 
more  arenaceous  band.  Under  the  microscope  it  very  much  resembles  No.  -^  the 
quartz  and  mica  being  in  very  much  the  same  condition  except  that  the  white  mica 
is  scarcer.  The  large  garnets  are  absent,  but  there  are  a  number  of  very  minute  ones 
in  different  parts  of  the  field. 

There  is  one  mineral  of  faintly  olive-green  colour  and  rather  dichroic,  changing 
from  a  brownish  to  a  bluish  green,  which  under  crossed  nicols  appeared  to  extin- 
guish light  only  twice  in  a  complete  revolution  of  the  stage  of  the  microscope,  viz,, 
when  the  long  axis  of  the  mineral,  which  was  rod-shaped,  was  parallel  with  the  hori- 
zontal nicol  of  the  analyser.  They  were  very  small,  but  there  were  several  examples 
in  the  rock-sli(^. 

There  is  also  another  unknown  mineral  ramifying  about  in  cob-web  fashion,  with- 
out any  distinct  structure,  among  the  quartz  grains.  It  did  not  seem  to  be  perfectly 
isotrope,  although  in  ordinary  light  it  much  resembled  an  imperfectly  built  garnet. 
Its  nature  I  could  not  determine. 

No.  T^-g.  Pokree  E,  Nyar  R. — This  mica-schist  resembles  the  other  two  speci- 
mens of  this  series  except  that  it  is  much  less  well  pronounced  as  a  schist  and  finer 
grained.  It  has  a  smaller  amount  of  mica  in  minute  irregular  grains,  without  crys- 
talline outlines  or  cleavage,  and  brownish-green  in  colour.  There  seem  to  be  no 
white  mica  and  no  garnets  present.  The  quartz  grains  do  not  polarize  in  rich  bright 
colours  as  before,  but  in  more  neutral  tints,  blue-grey  and  faint  orange  predominat- 
ing, purples  and  reds  being  rare.  Under  the  \  inch  objective  rod-like  belonites  of 
pale  green  colour  are  fairly  numerous,  and  some  few  doubtful  minute  bodies  which 
may  be  proto-gamets,  but  they  have  no  decisive  action  on  polarized  light. 

No.  tIt-  itansuri  band  of  gneissose-granite. — In  section  I,  I  described  this  rock 
macroscopically  classifying  it  with  the  lenticular-tabular  variety  of  the  gneissose- 
granite.    In  briefly  commenting  on  the  structure  I  then  said:—"  I  by  no  means  imply 
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that  the  lenticular-tabular  is  necessarily  an  embryonic  condition  of  the  angen.  It 
seems  as  likely  that  the  reverse  is  the  case/'^  I  think  I  can  now  shew  by  the  aid  of 
thin  slices  of  this  rock  and  of  the  qoartzite  near  Rudarpcaeg  that  this  lenticular- 
tabular  structure  is  due  rather  to  the  coalescing  by  crushing  of  originally  separate 
crystals  of  felspar  and  grains  of  quartz  than  to  an  attempt  at  the  formation  of  indi- 
vidual crystals  and  grains  from  the  primarily  structureless  folia.  It  is  of  the  greatest 
importance  to  establish  the  right  order  in  this  phase  of  rock-structure,  so  as  to  give 
a  rational  basis  for  an  opinion  concerning  the  date  of  the  foliation  which  has  hap- 
pened to  nearly  every  crystalline  rock  in  the  Himalaya;  the  more  so  because  this 
structure  has  recently  been  differently  interpreted,  and  assigned  as  largely  contem- 
porary with  the  intrusion  of  the  gneissose-granite  and  due  to  fluxion  rather  than  to 
subsequent  pressure.  The  evidence  which  I  shall  give  here*  and  that  already  given 
in  the  case  of  the  amygdules  of  the  Sirobagar  lava-flows,  leaves,  however,  no  doubt 
in  my  mind  that  it  is  a  super.induced  phase,  having  no  reference  to  flow-stmctnre, 
and  which  may  have  happened  at  any  time  subsequent  to  the  cooling  and  consolida- 
tion of  the  rocks  in  which  it  occurs. 

The  first  section  I  had  made  of  this  rock  shewed  the  peculiarities  represented 
in  diagram  II,  lo.  I  examined  it  first  by  the  eye  with  reflected  light  alone,  in  a 
fairly  thick  slice,  and  then  with  the  hand-lens,  and  was  able  to  make  out  the  follow- 
ing : — ^A  and  B  represent  two  crystals  of  orthoclase  in  the  shape  of  eyes  which  are 
united  together  by  a  connecting  portion  xy^  forming  altogether  the  prevailing  lentj- 
cular-tabular  structure.  When  the  light  was  allowed  to  fall  obliquely  on  the  rather 
thick  section,  the  twinning  of  the  two  felspar  eyes  was  most  manifest.  The  portion 
a  was  more  illuminated  than  h  and  d  than.^'.  The  bridge  xy  shewed  no  twinning 
nor  extra  brightening  of  the  felspar :  it  had  a  rough  and  crushed  look.  Thus  al- 
though superficially  the  felspathic  layer  seemed  homogeneous  along  its  whole  course, 
this  experiment  shewed  that  there  was  a  radical  difference  between  the  eyes  of  fels- 
par A  and  B  and  the  felspathic  material  xy^  such  a  difference  as  would  be  implied 
by  two  original  crystals  A  and  B  having  been  crushed  into  each  other  or  over  each 
other,  the  debris  of  the  crushing  going  to  form  the  bridge  xy. 

Seen  under  the  microscope  the  evidence  is  amplified- by  the  greater  power  of 
detecting  the  individual  portions  of  the  felspar  which  have  become  detached  from 
the  original  crystals,  and  which  lie  embedded  amongst  granules  *of  quartz.     The 
crystals  of  felspar  present  a  very  much  dappled  and  altered  appearance,  but  they 
shew  characteristic  cleavage  and  polarize  in  their  different  tints  as  a  whole  and  dis- 
play twinning  on  the  Carlsbad  pattern.    They  are  thus  sharply  marked  off  from  the 
debris  of  quartz  and  felspar  which  fills  in  the  bridge  xy.    It  is  thoroughly  seen  what 
a  ragged,  broken  edge  the  felspar  has,  how  it  is  torn  into  shreds  and  mechanically 
corroded,  worse  than  a  crystal  of  quartz  or  felspar  in  a  rhyolite.    Any  one  examin- 
ing this  rock  and  observing  how  the  complicated  and  beautiful  structure  of  the  fels- 
par has  been  battered  and  buffeted,  would  be  as  incapable  of  believing  that  a  granitic 
rock  was  being  evolved  under  these  conditions,  and  that  felspar  was  being  aggre- 
gated into  orderly  crystals  out  of  this  chaos  of  remnants,  as  he  would  be  on  seeing 
the  fragments  of  a  beautiful  vase  of  imagining  that  they  were  the  constituent  elements 
out  of  which  such  ornaments  were  ordinarily  made. 

Diagram  III,  1 1  represents  a  portion  of  this  rock  as  faithfully  as  I  can  reproduce 

>  Vol.  XX,  p.  139. 
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with  the  means  at  my  disposal.  It  is  seen  to  be  built  up  of  layers  of  quartz  and  mica 
besides  the  lenticular-tabular  felspar  folia.  The  former  constituents  do  not  differ 
much  in  their  arrangement  from  those  in  the  mica-schist  described  from  below 
Kainur.    There  are  no  garnets  and  but  little  opacite  in  the  rock. 

Thus,  taking  into  consideration  the  fact  that  through  the  whole  of  the  structural 
varieties  of  the  gneissose-granite  we  have  passage  forms  connecting  the  tabular- 
foliated  with  the  perfectly  granitic  form ;  and  that  between  two  of  this  series,  namely, 
the  lenticular-tabular  and  the  augen,  the  order  of  development  has  been  demon- 
strated to  be  from  the  augen  to  the  lenticular-tabular,  we  may  provisionally  accept  as 
true,  until  the  opposite  is  proved,  the  general  statement  that  the  foliation  of  the 
gneissose-granite  is  a  structure  induced  on  a  normal  granitic  rock  by  movements  of 
the  particles  of  the  rock  over  one  another  causing  them  to  be  crushed  and  their 
crystalline  contents  to  be  disfigured  and  distorted. 

But  it  may  be  argued  that  this  crushing  and  distortion  may  have  taken  place 
under  half -molten  conditions  of  the  rock:  it  may  be  said  that  the  evidence  I  have  offered 
shewing  differential  motion  of  the  particles  of  the  rock  would  apply  quite  as  plausib- 
ly in  explaining  flow-structure  in  a  rock  which  contained  partly  solidified  crystals : 
it  is  perfectly  true  that  I  have  given  sufficient  reason  for  thinking  the  tabular-folia- 
tion to  have  arisen  from  an  originally  granitic  state,  but  I  have  not  shewn  that  this 
did  not  come  about  as  Col.  McMahon  thinks  ^  by  immediate  transformation  of  the 
imperfectly  consolidated  granitic  paste  into  a  foliated  substance,  by  a  movement  akin 
to  flow-structure  having  been  set  up  in  it  in  consequence  of  its  having  been  forced 
into  fissures  among  the  bedded  schists.^  In  other  words  it  is  still  necessary  for  me  to 
shew  that  this  crushed  and  foliated  structure  was  induced  on  the  rock  in  the  cold,  as 
a  later  production,  perhaps  a  geological  age  subsequent  to  the  original  development 
of  the  granite.  With  this  end  in  view  I  will  describe  microscopically  a  lenticular- 
tabular  quartz-schist  previously  quoted  by  me  in  Vol.  XX,  p.  139, 

No.  yfy.  N,  of  Rudarpratg. — ^This  quartz-schist  in  the  hand  specimen  can  be 
seen  to  be  composed  of  grains  of  quartz  without  any  felspar  or  anything  that  would 
suggest  an  igneous  origin.  Moreover  in  some  places  there  are  pebbles,  perfectly 
rounded  by  water-action  as  large  as  a  hen's  ^%%,  No  one  would  be  inclined  to 
doubt  that  thj^  rock  was  a  metamorphosed  sedimentary  rock.  Under  the  micros- 
cope it  is  seen  to  be  composed  of  lenticular-tabular  layers  of  quartz  and  finely 
powdered  quartzose  and  argillaceous  material,  with  very  thin  streaks  of  micaceous 
material  bordering  the  lentichlar-tabular  layers.  These  layers  are  seen  to  be  com- 
posed essentially  on  the  same  plan  as  those  in  the  gneissose-granite  of  Hansuri,  that 
is  to  say,  eyes  of  quartz  form  the  expanded  portion  of  the  layer  and  fragments  of 
the  same  mixed  with  argillaceous  material  bridge  over  the  interval  between  the  two 
(see  diagram  III,  12).  The  quartz  under  the  microscope  seen  by  polarized  light  is  of 
uniform  colour  or.  of  two  or  more  colours  watered  into  each  other  over  the  greater 
part  of  its  section.  But  towards  its  borders  it  becomes  surrounded  by  several 
raiabow  halos,  which  become  less  bright  as  they  merge  into  the  finer  material  of  the 
rock«  A  striation  following  the  foliation  of  the  rock  runs  the  pointed  ends  of  the 
eyes  into  the  finer  material  gradually  merging  them  into  one  another.  We  have  the 
following  stages  manifestly  indicated  by  the  present  rock-slice:   (i)  an  original 

'  See  Geol.  Mag.  May  1887,  p.  212,  and  Rec.  G,  S.  I.,  XX,  p.  205. 
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approximately  spherical  condition  of  the  grains  of  quartz ;  (2)  a  crushing  and  break- 
ing up  of  portions  of  them,  which  are  left  in  situ  just  as  they  were  torn  away  from 
their  parent  grain;  (3)  a  further  pounding  up  of  some  of  the  fragments  and  a 
merging  of  them  into  the  finer  material  of  the  rock ;  (4)  a  coalescing  of  this  broken 
and  powdered  material  with  each  end  of  a  rounded  grain  of  quartz  to  make  an  eye, 
and  the  concomitant  development  of  the  films  of  mica  separating  the  lenticular- 
tabular  layers. 

I  think  no  one  will  doubt  that  in  the  case  of  this  rock  the  development  of  a 
lenticular-tabular  foliation,  exactly  similar  to  that  in  the  gneissose-granite  band,  has 
taken  place  in  the  cold.  The  only  other  alternative  would  be  to  accept  a  quartzite 
containing  well-marked  rounded  grains  and  still  larger  pebbles,  as  a  kind  of  igneous 
rock.  As  that  alternative  is  impossible  we  must  take  it  as  proved  that  both  struc- 
tures have  been  produced  in  the  cold  and  solid  way. 

In  the  earlier  part  of  this  paper  I  shewed  that  the  foliation  of  the  basic  lavas  near 
Sirobagar  had,  from  the  evidence  of  the  drawn-out  amygdules,  been  similarly 
accomplished  since  the  rock  had  cooled  and  solidified.  We  have  therefore  instances 
in  this  part  of  the  Himalaya  of  plutonic,  volcanic,  and  sedimentary  rocks,  all  having 
suffered  this  peculiar  form  of  foliation.  In  other  words,  each  of  the  great  representa- 
tive rock  groups  have  been  influenced  by  it  impartially.  We  must  therefore  look  for 
a  far-reaching  cause  for  this  structure,  and  as  we  have  seen  that  that  cause  must 
have  been  pressure  resulting  in  crushing,  we  must  invoke  a  universal  pressure  as  the 
all-powerful  agent :  and  the  only  universal  pressure  that  we  know  of  is  that  involved 
in  the  earth-movements  which  have  been  at  work  for  ages  building  the  Himalaya 
ever  higher  and  higher.  • 

REFERENCES  TO  PLATES. 

Diagram!,  i,  2,  3.  Illustrating  the  drawing  out  into  shreds  of  the  amygdules  by 

pressure  after  consolidation  in  the  Sirobagar  basic  lavas. 
Diagram    I,  4.  Quartz  of  corrosion  structure  in  altered  diorite  or  syenite,  from  near 

Gwar. 
„  5.  Diallage  in  gabbro,  shewing  characteristic  cleavages  in  basal  section 

from  near  Limeri.  • 

„  6.  Basal  section  of  hornblende  in  same  rock,  shewing  characteristic 

cleavage  at  124°. 
„  7.  Tridymite  in  the  same  rock,  filling  a  cavity  along  with  radiating 
chlorite. 
II,  8.  a=augite  changing  into  ^  a  dichroic  hornblende-like  mineral.     NJS. 
the  shading  in  b  is  not  intended  for  cleavage  lines. 
9.  Tridymite  (?)  crystallites  developed  in  Labradorite  of  the  Pindwalni 
rock.    ^=a  massing  of  the  crystallites  along  a  cleavage  crack. 
„       „  10.  Lenticular-tabular  structure  as  seen  by  the  eye  alone  in  a  thin  slice, 

Hansuri  band  of  gneissose-granite  :  for  reference  see  letter-press. 
„  III,  II.  The  same  rock  under  microscope  with  crossed  nicols.     References 

the  same  as  in  10.     ^=mica  layers ;  e/=  quartz  layer. 
„    „  12.  Lenticular-tabular  structure  in  quartz-schist  near  Rudarpraeg;   with 

crossed  nicols. 
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The  Birds-Nest  or  Elephant  Islands,  Mergui  Archipelago.   By  Commander 
Alfred  Carpenter,  R.N.,  H.M.I. M.S.,  S.S.  ''  Investigator  J* 

This  remarkable  group,  called  by  the  Burmans  Ye-ei-gnet-thaik  (lit.  sea  birds' 
lests)  is  located  on  the  south-east  side  of  Dome!  Island  one  of  the  largest  of  that 
:hain  forming  the  Mergui  Archipelago  at  the  southern  extreme  of  British  Burma.  It 
s  a  small  group  of  6  marble  rocks,  the  highest  and  largest  of  which,  1,000  feet  in 
.Ititude,  and  about  one  mile  in  length,  is  oval-shaped  and  rises  very  abruptly  out  of 
L  dep^h  of  only  5  fathoms. 

They  present  a  very  striking  appearance,  particularly  if  the  weather  is  hazy,  when 
hey  are  not  seen  until  within  five  or  six  miles ;  for  then  they  gradually  loom  out 
hrough  the  mist  like  some  huge  mishapen  monsters  that  have  strayed  away  from 
:ivilization. 

Their  sides  are  partly  clothed  with  vegetation  wherever  a  break  in  the  limestone 
las  left  a  cleft  in  which  moisture  and  dust  can  lodge.  Conspicuous  because  of  its 
eaning  attitudes  is  a  species  of  tree  fern  which  appears  content  to  grow  at  any 
ingle,  but  only  above  ia  height  of  200  feet  from  the  water. 

The  face  of  the  rocks  is  reddish,  partly  from  weather  and  partly  from  soil ;  and 
ehere  cliffs  exist  the  most  beautiful  though  uncouth  stalactitic  formation  is  at  work, 
hewing  grotesque  and  snake-like  patterns  varying  in  hue  and  shape,  till  one  feels  as 
n  some  ogre-enchanted  land.  But  the  great  feature  of  the  group  are  the  birds  nest 
lavems  which,  as  a  rule,  open  into  the  sea,  the  entrance  being  below  high  water 
nark ;  fortunately  I  visited  them  at  spring  tides  and  had  plenty  of  leisure  to  examine 
lach  cavern  in  t^o  days'  low  waters. 

At  the  south  end  of  the  largest  island  stands  a  ninepin  of  gjey  marble,  370  feet 
ligh,  almost  separated  from  the  rest.  It  is  hollow  like  a  huge  extinguisher,  and  the 
>olished  light  blue  and  light  yellow  sides  of  the  interior  seem  to  point  to  its  having 
>een  hollowed  by  the  swell  of  the  sea,  which  on  entering  the  cave  would  probably 
:xpend  its  force  vertically,  the  mouth  of  the  cave  being  open  to  the  direction  of  the 
trongest  seas. 

This  ninepin  forms  the  western  point  of  a  nearly  circular  cove  360  yards  in 
liameter  which  runs  back  into  the  big  island,  and  the  sides  of  the  cove  rise  steeply 
hough  not  perpendicularly  from  it.  At  the  head  of  the  cove  is  a  perpendicular  wall 
•f  rock  over  which  can  just  be  seen  the  1,000  foot  summit  in  the  distance. 

At  half  tide  a  tunnel  opens  under  the  wall  of  rock  at  the  head  of  the  cove,  and  a 
anoe  can  go  through ;  but  it  requires  to  be  within  an  hour  of  low  water  springs  for  a 
hip's  gig  to  go  through.  This  tunnel  has  a  roof-covering  with  large  stalactitic 
:nobs,  except  at  its  narrowest  part  where  it  is  apparently  scoured  smooth  by  the 
iction  of  the  tidal  rush.  It  is  about  250  feet  long  and  4  feet  deep  at  low  water,  the 
ise  and  fall  being  16  feet,  and  is  covered  with  dripping  marine  life,  corallines,  small 
:orals,  comatulae,  sponges,  and  sea-horses.  Passing  through  this  submarine  drain 
)ne  emerges  into  another  circular  basin  with  perpendicular  sides,  which  gives  the  im- 
)ression  of  volcanic  action,  so  like  it  is  to  a  crater.  This  basin  is  only  open  to  the 
iky ;  caves  here  and  there  open  into  it,  some  of  which  may  perhaps  lead  by  long 
unnels  to  other  basins.    Water  was  running  freely  into  it  from  the  foot  of  the  cliffs 
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in  several  places  as  the  tide  fell,  shewing  that  water-spaces  existed,  and  strange  gur- 
gling sounds,  as  of  air  taking  the  place  of  water,  could  be  heard  now  and  again. 
The  first  thought  that  strikes  a  European  is  "  what  a  famous  place  for  smugglers." 
There  were  hardly  any  signs  of  the  place  being  utilized,  except  here  and  there  the 
worn  ropes  of  birds'  nest  climbers.  It  was  either  not  the  season  for  the  swallows  or 
they  had  deserted  the  islands,  for  none  were  seen.  There  was  a  little  reddish 
guano  in  some  of  the  caves.'  There  was  evidently  but  little  traffic  through  the  tunnel 
by  which  we  entered,  for  the  delicate  growth  on  its  sides  was  hardly  injured. 

On  the  west  side  of  the  northern  large  island  a  lofty  cavern  opens  at  half  tide 
into  another  nearly  circular  basin  of  about  the  same  size  as  that  we  have  just  des- 
cribed, but  in  this  case  the  basin  also  opens  into  the  sea  on  the  east  side  A  the 
Island.  After  contemplating  the  cliffs  that  surround  these  basins,  and  the  general 
circular  contour  of  the  high  ridges  of  these  islands,  and  the  undermining  action  of 
the  sea  at  the  water  line,  causing  in  some  places  an  overhanging  of  20  to  25  feet,  and 
the  softening  of  the  marble  surface  of  the  cavern  roofs  by  moisture ;  the  impression 
gradually  forces  itself  on  one  that  these  circular  basins  were  themselves  at  one  time 
the  floors  of  huge  caverns,  and  that  in  days  gone  by  the  islands  were  far  higher,  with 
cavern  piled  on  cavern,  and  that  the  work  of  disintegration  by  moisture  is  slowly  go- 
ing on,  pulling  down  these  marble  monuments  of  a  giant  age. 

Indeed,  here  and  there  a  fall  of  blocks  has  occurred  lately,  and  from  there  being 
no  shoal  off  the  base  of  the  slip  the  dissolving  action,  if  such  really  occurs,  inust  be 
rapid. 

A  small  oyster  covers  the  rocks  at  the  water  line.  A  handsome  kingfisher  was 
secured  and  sent  to  the  British  Museum.  A  few  doves  and  an  eagle  or  twQ  were  the 
only  other  birds  seen,  besides  a  small  bat  in  the  caves.  By  the  position  of  the  nest 
seekers'  ropes,  the  swallows  appear  to  build  only  on  the  roofs  of  the  caves.  The 
Islands  appeared  to  be  entirely  composed  of  a  blue  tinted  marble.^  A  vessel  could 
be  alongside  them  and  lower  the  cut  blocks  straight  into  her  hold,  but  it  is  probably 
of  too  poor  a  quality  to  be  worth  shipment 


Memorandum  on  the  results  of  an  Exploration  £?/*Jessalmer  with  a  view  to 
the  discovery  of  Coal,  by  R.  D.  OLDHAM,  A.R.S.M.,  F.G.S.,  Deputy 
Superintendenty  Geological  Survey  of  India. 

I.  On  taking  up  work  I  marched  in  the  first  place  to  Bdp  and  commenced  an 
examination  of  the  country  in  that  neighbourhood  and  to  the  north.  I  found  that 
the  boulder  beds  cropped  out  to  the  west  of  Bdp,  extending  further  in  that  direc- 
tion than  I  had  thought  probable,  and  that  they  are  there  associated  with  a  great 

'  Two  specimens  of  the  limestone  have  been  sent  to  the  Museum  by  Commander  Car- 
penter ;  they  are  a  very  pure  pale  grey-coloured  massive  sub-crystalline  carbonate  of  lime :  in 
fact  a  marble,  which  if  obtainable  in  fair-sised  pieces  would  do  for  use  or  ornament  where  the 
colour  is  not  objectionable,  as  for  flags,  wash-hand  stand  and  table  top. 
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development  of  dark  red  clays  and  shaly  sandstones  for  the  most  part  impregnated 
with  sah. 

2.  To  the  northwards  I  traced  the  bojilder  beds  as  far  as  the  limit  of  Jessalmer 
territory^  beyond  which  they  do  not  appear  to  crop  out  at  the  surface  3  and  to  the 
southwards  I  believe  I  have  traced  their  utmost  extent 

3.  As  remarked  in  my  former  memorandum,^  this  country  is  very  unfavourable  for 
geological  observations,  but  I  had  no  conception  of  how  impossible  it  is  to  make  a 
satis^ctory  detailed  geological  ttiap  until  I  had  made  the  attempt.  In  the  imme- 
diate vicinity  of  BIp  and  the  Sird  villages  there  are  stream  beds  Which  do  to  a  cer- 
tain extent  exhibit  the  rocks,  but  for  the  rest  there  is  nothing  but  a  vast  undulating 
plain  of  sandy  soil  in  which  the  underlying  rock  is  rejMresented  by  patches,  varying 
in  size,  of  pebbles,  fragments  of  ferruginous  sandstone  or  of  concretionary  limestone. 
Under  these  circumstances  it  is  impossible  to  satisfactorily  determine  the  true  rela- 
tions of  the  rocks,  bttt  one  or  two  points  stand  oiit  with  somie  clearness. 

4.  First  among  these  is  the  fact  that  wherever  the  rock  immediately  overlying 
(he  boulder  beds  is  seen  it  is  a  hard,  black  ferruginous  sandstone,  with  or  without 
pebbles ;  it  might  be  supposed  that  this  indicated  a  conformity  between  the  boulder 
beds  and  the  ferruginous  sandstone,  but  it  maybe,  and  probably  is,  merely  due  to  the 
fact  that,  except  where  hardened  by  impregnation  with  iron,  the  sandstones  do  not 
shew  themselves  distinctly  at  the  surface.  Under  these  circumstances  there  is  no 
proof  that  the  different  exposteesof  the  black  sandstone  represent  the  same  horizon, 
and  it  is  by  no  means  impossible  that  the  boulder  beds  are  unconformably  overlaid 
by  sandstones  of  upper  gondwana  age. 

5 .  In  the  neigbourhood  of  the  village  of  Akhddana  there  are  some  indications 
that  such  is  the  case.  Here  there  are  some  low,  rodnded  ridges,  covered  "with 
shingle,  in  the  hollows  between  which  the  boulder-bed  is  exposed.  The  matrix  of 
the  conglomerate  from  which  the  pebbles  are  derived  is  not  as  a  rule  to  be'seen,  but, 
where  this  is  a  sandstone  of  the  black  ferruginous  type,  it  occasionally  crops  up 
through  the  surface  wash  of  shingle  and  the  transition  from  the  boulder  beds  with 
numerous  large  unrounded  fragments  of  red  syenite  lind  malani  porphyry  to  the 
conglomerates,  in  which  these  rocks  are  barely  represented  and  then  only  by  small 
rounded  pebbles,  is  so  abrupt  as  to  Suggest  an  unconformity. 

6.  If  this  be  so,  there  will  be  but  little  use  searching  for  coal  in  this  neighbour- 
hood, and  there  is  another  fact  which  points  to  the  same  conclusion.  At  Akh4dana 
a  well  has  been  sunk  which  originally  reached  a  depth  of  380  feet  but  is  now 
nearly  filled  up;  to  judge  by  the  debris  excavated,  this  well  appears  to  hive  been 
sunk  through  red  sandstones  of  Vindhyan  type  with  the  exception  of  some  70  feet  or 
so  (14  purus)  which  was  in  pebbly  sandstone ;  but  as  the  well  is  lined  with  masonry 
throughout  the  portion  still  open,  I  was  compelled  to  trust  to  native  information 
and  an  inspection  of  the  waste  heap. 

7.  This  indicates  that  the  very  irregular  junction  of  the  Vindhyans  and  newer 
beds  noticed  further  east  extends  for  some  distance  to  the  west,  and  any  boripgs  put 
down  here  would  be  more  likely  to  strike  Vindhyans  than  coal,  at  a  moderate 
depth. 

'  R.G.  s.  of  I.,  xrx,^^  p.  122. 
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cryr-il  Lie  recks  iccear  :-  "r«i  rrvirere  iir  fr:ct  :ie  5;ir±bce  izc  re^eisedlv  cn^  out, 
??  ^r,KL.  i  -niitr  ITT  >:i:;:.-ssc^Lzcjs  n.-c  be  i-i^jsir>  a:  pci  i^-sn  bccir^  oa  this  line 
r.i  r^'SL-Lzrr.    T:  ±e  t»sl  rtck*  xrt  siji  i:  re  iH  ciiicibj  sazd  imiil  the  ex- 

13-  Fr:^:  Jssilntr  i  crresei  r'^-r  :c  Fckrxz  :r  rj  ^bii a&izbi  be  ioond there^and 
-KTA  y/z,*nnai  snrpn*ei  vbes  i  i*u:.'^i  erini:iir  ni  cf  rxs  ma  coQvxnosd  me  that 
thi^  >yr' d*r  b^cj  -Jier*  p^sss  ::z  ft:  -iK  iiTi  r*i  sinisccces  wnich  hime  been  regarded 
\.%  ^A  Vln-fhran  ars.  T::«tr»  is  n:  direct  -rc^rc  cf  ±je  i^  oc  these  sandstones,  nor 
»4t  1  ib'.*  •!  diterxine  -^htdier  :i*  bcclier  heds  of  Eip  and  Pokran  were  the 
«ry^  fs:  *i±trtzt,  bxii  zbtzt  setsis  linle  rcocs  for  dc;ibv  xhix  the  red  sandstones 
^A  r^/LTMi  ar*   coTitinuoua  t-I'ji  ±.:5e  c-f  Lcbiwa:  and  o^ferlie  the  Mndhran  lime- 

14.  Tcrwit  Jodr.puT  saristoncs,  which  may  or  mar  not  belong  to  the  same 
^^i^  z%  i\ifAt  fA  Pokran,  are  lar^elT  exposed  :  frequently  uiej  are  dark  red,  com- 
\ff/^A  'A  wcll-r'ycn^td  ;rra:ns  of  quanz.  bu:  jns:  as  ofien  are  paler  red  and  by  do 
fftetfp*  ifjf  ftqaentlj  white,  the  latter  beds  being  usnally  as  hard  as  the  sandstones  of 
Kkiitu.    7*heie  latter  frequently  weather  with  small  roonded  bosses  and  occasionally 
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include  thin  bands  of  black  ferruginous  sandstone  like  that  seen  among  the  upper 
gondwana  sandstones  of  Jessalmer. 

15.  These  sandstones  have  previously  been  regarded  as  of  Vindhyan  age,  but 
if  they  belong  to  the  same  series  as  the  sandstones  of  Pokran,  and  if  the  Pokran 
boulder  beds  are  the  same  as  those  of  B^p,  they  must  be  much  newer  than  Vindhyan, 
and  might  be  of  lower  gondwana  age.  It  is  impossible  to  determine  this  point 
with  certainty,  but  the  balance  of  evidence  appears  to  me  very  strongly  against  re- 
garding the  Jodhpur  sandstones  as  of  gondwana  age ;  nor  if  this  could  be  granted 
does  the  prevalence  of  red  beds  hold  out  any  promise  of  the  existence  of  workable 
coal. 

16.  It  will  be  seen  from  the  above  statement  of  the  essential  facts  that  the  pros- 
pect of  finding  workable  coal  is  very  small.  Along  the  eastern  boundary  of  the 
gondwana  area  upper  gondwanas  appear  to  rest  unconformably  on  the  boulder  beds 
or  even  on  the  old  crystalline  rocks  ;  there  is  no  reason  why  the  coal  measures  should 
not  be  present,  hidden  by  upper  gondwanas  and  recent  sand,  but  any  search  for 
them  would  be  purely  speculative.  Still,  seeing  the  enormous  value  that  would  at- 
tach to  any  deposit  of  workable  coal  in  this  region  it  may  be  thought  advisable  to 
institute  a  search ;  in  this  case  the  best  plan  would  be  to  sink  a  boring  on  the  crest  of 
theanticlmal  between  Jessalmer  and  Vinjorai,  about  3  miles  south  of  Devikot,  where 
older  beds  than  are  seen  to  the  north  or  south  are  exposed ;  it  would  be  necessary  to 
push  this  boring  to  as  great  a  depth  as  possible  or  until  the  crystalline  floor  was 
struck. 

17.  I  may  point  out  that  as  yet  only  those  localities  which  appeared  most  pro- 
mising have  been  examined ;  that  there  is  still  a  considerable  area  of  rock  country 
which  has  not  been  visited  as  the  rocks  are  almost  certainly  of  upper  gondwana  or 
even  later  age,  and  the  discovery  that  the  Pokran  boulder  beds  underlie  the  sand- 
stones of  the  Pokran  scarp  opens  out  a  vista  of  possibilities  which  certainly  deserve 
more  thorough  working  out  than  I  was  able  to  give  them  at  the  tail  end  of  the 
working  season. 

P,  S. — Since  writing  the  above  I  have  had  an  opportunity  of  examining  the 
rocks  of  the  Salt-Range.  Here  there  is  a  considerable  series  of  rocks,  known  as  the 
speckled  sandstone  group,  at  whose  base  there  is  a  boulder  bed  precisely  similar  to, 
and  probably  the  same  age  as  that  exposed  near  Bap.  The  rocks  overlying  it  are 
very  similar  to  the  neozoic  rocks  of  Jessalmer,  except  for  the  absence  of  the  black 
ferruginous  sandstone  so  common  in  the  latter  locality;  in  spite  of  this,  the 
lithological  relations  of  the  Jessalmer  beds  with  the  Speckled  sandstone  of  the  Salt- 
Range  are  much  stronger  than  with  the  gondwanas  of  the  peninsular.  In  the 
speckled  sandstone  the  only  traces  of  coal  known  are  a  few  thin  papery  layers  of 
coaly  matter,  and  it  is  very  probable  that  there  is  a  similar  absence  of  coal  in  the 
Jessalmer  rocks.  In  the  absence  of  special  search  there  can  be  no  certainty  on  the 
subject,  but,  as  before  remarked,  search  would  be  speculative  to  a  degree.  I  cannot 
say  that  there  is  no  coal  in  Jessalmer,  but  that  is  the  extreme  limit  my  observations 
allow  me  to  go  to. 

Camp,  Sutlej  Valley  ; 
ne  jis/  May  1887. 
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A    Facetted  Pebble  from  the  Boulder  Bed,  ("  Speckled   Sandstone  ")  of 
Mount  Chel  in  the  Salt-Range  in  the  Punjab^  by  Dr.  H.  Warth. 

(With  2  plates. J 

Amongst  the  facetted  pebbles  which  I  found  in  the  Salt-Range  is  one  with  such 
a  large  number  of  polished  surfaces  and  such  distinct  ice  scratching  that  it  deserves 
special  description. 

The  annexed  diagram^  represents  two  opposite  views  of  the  pebble  in  natural  size. 
The  view  on  the  right  hand  shews  the  largest  of  the  polished  surfaces,  which  is  lo 
centimeter's  long  and  5  centimeters  broad.  The  number  of  faces  is  about  20  all 
counted,  the  very  smallest  being  about  i  centimeter  long  and  half  a  centimeter  broad. 
The  diagram  shows  the  direction  of  the  scratches  on  all  the  faces.  The  scratches 
are  thicker  on  the  right  side  of  the  faces,  showing  that  the  stone  moved  from  the  left 
to  the  right  along  the  respective  faces.  The  pebble  must  have  been  pushed  by  the 
ice  along  the  floor  of  the  glacier  bed,  and  the  whole  movement  may  have  lasted  several 
hundred  years ;  the  stone  during  the  time  turning  round  so  that  the  polished  surkces 
were  necessarily  produced.  The  angles  between  the  faces  vary  considerably,  and  the 
stone  moved  also  from  side  to  side,  so  that  it  did  not  revolve  regularly.  But  generally 
speaking  it  revolved  in  the  mean  round  the  axis  A-B  of  the  drawing.  The  direction 
in  which  the  stone  revolved  was  most  probably  such  as  would  make  it  roll  forward,  and 
therefore  on  the  diagram  from  left  to  right.  Very  likely  only  one  total  revolution 
took  place  during  the  whole  passage  of  the  stone  under  the  glacier,  and  the  faces 
took  therefore  each  a  very  long  period  to  form.  About  one-fifth  of  the  surface  is  un- 
polished. The  pebble  weighs  680  grammes.  The  rock  is  red  porphyry  with  a 
specific  gravity  equal  to  2*566. 

The  pebble  was  obtained  from  the  crystalline-boulder  bed  near  the  summit  of 
Mount  Chel.  This  mountain  rises  from  the  plateau  of  the  eastern  Salt-Range  to  a 
height  of  3,700  feet.  Magnesian  sandstone  forms  the  summit,  but  the  crystalline- 
boulder  bed  which  rests  here  directly  on  the  magnesian  sandstone  comes  close  to  the 
summit  on  the  north-eastern  slope.  The  actual  boulder-bed,  some  feet  thick,  is  ac- 
companied by  at  least  25  feet  thickness  of  greenish  mud  throughout  which  boulders 
are  also  scattered.  The  boulder-bed  is  exposed  in  section  and  also  parallel  with  the 
surface.  The  surface  exposure  is  more  considerable.  There  is  a  large  mass  of 
boulders  and  pebbles  scattered  over  several  acres  of  surface  on  the  actual  site  of  the 
boulder-bed  overlying  the  magnesian  sandstone.  Only  the  individual  boulders  and 
pebbles  have  been  slightly  shifted  and  re-arranged  after  the  weathering  away  of  the 
mud.  It  is  on  this  area  that  I  found  about  a  dozen  facetted  pebbles,  besides  many 
other  pebbles  and  boulders  which  had  only  one  glaciated  surface.  I  do  not  re- 
member finding  a  facetted  pebble  on  the  outcrop  of  the  vertical  section  of  the 
boulder-bed,  but  this  is  only  natural.    When  there  is  only  one  facetted  pebble,  amongst 

*  The  sketch  is  very  diagrammatic ;  the  scratchings  being  indicated  by  very  much  broader 
lines  than  appear  on  the  facets  of  the  specimen  ;  though  the  actual  scratches  are  very  clear 
and  distinct.    The  second  plate  is  a  fairly  accurate  drawing.  -Ed, 
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perhaps  a  thousand  others,  a  large  surface  is  required  for  search  if  the  search  is  to  be  • 
successful.  I  picked  up  the  sj)ecimen  under  description  with  my  own  hand  from  the 
irea  of  scattered  pebbles.  I  consider  it  as  a  genuine  specimen  produced  by  glacier 
iction,  deposited  by  ice  transport  amongst  the  boulder-bed,  and  exposed  on  the  break- 
ng  up  and  weathering  of  this  bed  in  si/u.  If  it  was  thought  possible  that  a  man 
MTOuld  have  shaped  this  hard  porphyry  and  thrown  it  amongst  the  pebbles,  how 
:an  we  account  in  the  same  way  for  all  the  other  specimens  and  the  partly  facetted 
>nes  here  and  in  other  parts  of  the  Salt-Range.  One  and  all  must  be  the  work  of 
lature. 


Examination  of  Nodular  Stones  obtained  by  trawling  off  Colombo,  by 
E.  J.  Jones,  A.R.S.M.,  Geological  Survey  of  India, 

The  following  acccunt*  of  these  stones  is  reprinted  from  the  Journal  of  the  Asiatic 
Society,  Bengal,  as  being  of  more  direct  interest  in  these  Records: — 

"The  nodules  were  obtained  during  a  trawling  operation  off  Colombo  in  water  of 
S75  fathoms,  and  are  stated  to  have  been  found  associated  with  sand  and  mud, 
ft'hich  formed  a  hard  calcareous  crust  at  the  bottom  of  the  sea,  and  a  small  quantity 
)f  which  was  forwarded  with  the  specimens. 

"  The  stones  are  irregularly  rounded,  and  vary  in  shape  from  almost  spherical  to 
oughly  cylindrical  with  rounded  ends.  The  specimens  received  varied  in  size 
Tom  I — 4  inches  in  length  and  i^^f  inch  in  thickness.  Externally,  they  are  rough 
ind  mostly  have  one  or  two  small  excrescences  of  the  size  of  a  pin's  head,  and  a 
:ew  small  pittings  of  about  the  same  size ;  the  colour  is  dirty  light  grey. 

"On  breaking  them  open,  the  fractured  surface  has  much  the  appearance  of  an 
Drdinary  slate  without  the  cleavage,  and  is  of  a  much  darker  colour  than  the 
exterior.  Running  along  the  central  line  of  a  long  cylindrical  one  which  I  broke 
3pen,  there  is  a  narrow  vein  of  a  brownish  colour. 

"A  microscopic  examination  of  a  thin  slice  shewed  merely  a  confused  mass  of 
aggregates  resembling  in  their  structure  that  of  sphaerulites,  such  as  occur  in  the  so- 
called  sphaerulitic  lavas,  with  the  remains  of  Foraminifera  and  Radiolaria  dissemina- 
ted throughout  the  mass.  With  ordinary  light,  little  is  to  be  seen  except  more 
or  less  radiating  fibrous  aggregates,  but,  as  soon  as  the  section  is  observed  between 
crossed  Nicol's  prisms,  the  whole  field  is  seen  to  be  covered  with  little  dark  crosses 

'  Natural  History  Notes  from  H.  M.'s  Indian  Marine  Survey  Steamer  'Investigator,'  Com- 
mander Alfred  Carpenter,  R.N.,  Commanding.  No.  $-  On  some  Nodular  Stones  obtained 
by  trawling  off  Colombo  in  675  Fathoms  of  Water.— By  E.  J.  Jones,  A.  R.  S.  M.,  Geological 
Survey  of  India.     Journ.  Asiatic  Society  of  Bengal,  LVL,  Part  II,  No.  2,  1887, 
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with  their  limbs  parallel  to  the  planes  of  the  prisms,  and,  on  revolving  the  stage,  the 
limbs  of  the  crosses  keep  the  same  orientation  whilst,  the  section  revolves. 

''  It  is  when  thus  observed  that  the  aggregates  are  seen  to  be  entirely  distinct 
from  one  another,  as  each  cross  keeps  to  its  one  aggregate,  and  the  crosses  do  not 
overlap;  so  that,  by  revolving  the  stage,  the  limit  of  each  aggregate  can  be  deter- 
mined by  tracing  the  path  of  the  outer  end  of  one  of  the  limbs  of  the  crosses. 

"  In  the  volcanic  rocks  in  which  this  structure  is  known,  it  appears  to  be  due  to 
incipient  crystallization  in  a  glassy  mass ;  and  at  first  it  might  be  supposed  that  these 
masses  were  of  igneous  origin.  This  idea,  however,  is  untenable  on  account  of  the 
remains  of  Foraminife/a  (of  several  species,  the  most  easily  recognised  of  which  are 
the  globigerinse)  and  Radiolaria  which  are  sparsely  scattered  through  the  mass,  and, 
in  some  cases,  enclose  a  sphserulitic  aggregate. 

"An  indeterminate  greenish  substance^  which  probably  consists  of  glauconite,  is 
also  seen  scattered  through  the  mass. 

"  The  only  difference  that  can  be  detected  between  the  central  vein  and  the 
portion  between  it  and  the  exterior  is  that  the  aggregates  in  the  central  vein  are 
much  larger  and  the  colour  brown  instead  of  green,  and  that  it  is  unacted  on 
by  hydrochloric  acid,  which  dissolves  out  some  calcic  carbonate  from  the  other 
portion. 

"  As  mentioned  by  Mr.  Daly  in  his  letter  forwarding  the  nodules,  these  are  very 
heavy,  having  a  sp.  gr.  of  377  at  a  temperature  of  30^  C.  as  against  water  of  4^  C. 

"A  qualitative  analysis  shewed  the  nodules  to  consist  in  great  part  of  baric 
sulphate  together  with  small  quantities  of  calcic  and  strontic  sulphates,  small  quan- 
tities of  calcic  and  magnesic  phosphates,  aluminic  silicate,  cdcic  carbonate,  and 
traces  of  iron,  sodium,  and  manganese. 

"  Not  having  the  time  to  devote  to  a  complete  quantitative  analysis,  I  made,  in 
order  to  arrive  at  an  approximate  estimate  of  the  proportion  of  baric  sulphate  present, 
a  determination  of  the  sulphuric  acid.  An  average  sample  from  two  of  the  nodules 
powdered  and  dried  at  looX.  gave  82*57o  of  baric  sulphate,  the  whole  SO, Ho, 
being  calculated  as  SOjjBao^ 

"This  result  is,  however,  of  course  too  high,  as  a  small  quantity  of  the  SO, Ho, 
is  combined  with  Ca.  and  Sr.  in  the  form  of  calcic  and  strontic  sulphates,  though, 
from  the  results  of  the  qualitative  analysis,  it  is  probably  not  much  too  high ;  and  we 
may,  1  think,  safely  take  75°/^  as  the  percentage  of  baric  sulphate  present. 

"  In  order  to  see  whether  the  material  was  derived  from  the  mud  in  which  the 
nodules  occur,  and  which  also  contained  Foraminifera,  I  made  a  qualitative  analy- 
sis of  the  mud,  and  found  it  to  consist  mainly  of  aluminic  silicate,  with  small  quan- 
tities of  calcic  carbonate,  some  iron,  and  a  trace  of  manganese ;  there  was  also  a 
trace  of  an  alkaline  earth  which  was  not  removed  by  boiling  with  hydrochloric  acid 
and  subsequent  washing,  but  this,  on  spectroscopic  examination,  shewed  itself  to  be 
lime. 

"  In  spite  of  the  negative  result  of  the  analysis  of  the  mud,  I  am  inclined  to  think^ 
from  the  presence  of  the  Foraminifera  both  in  the  mud  and  enclosed  in  the  nodules, 
that  the  latter  have  been  formed  at  the  bottom  of  the  sea  either  at  the  spot  where 
thev  were  found  or  at  no  great  distance  therefrom,  though  it  is  difficult  to  imagine 
now  the  material  was  obtained,  but  it  is  possible  that  a  careful  analysis  of  a  larger 
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quantity  of  the  mud  would  reveal  a  trace  of  Barium,  for  sea-water  contains  a  slight 
trace  of  this  element 

''  I  cannot  at  present  call  to  mind  any  instance  of  sphaerulitic  structure  occurring 
without  the  aid  of  heat. 

''In  volcanic  lavas  and  in  artificial  glasses,  it  may  be  regarded  as  concretionary, 
or  as  resulting  from  incipient  crystallization  or  devitrification  around  certain  points 
or  nuclei.  The  nuclei  when  they  exist  consist  either  of  a  granule  or  a  minute  crys- 
tal or  crystallite,  but  most  commonly  no  nucleus  is  discernible.^ 

"  In  this  case,  however,  it  would  seem,  that  it  must  be  due  to  slow  segregative 
action ;  and,  baric  sulphate  being  very  slightly  soluble  in  water,  the  deposition  would 
be  very  slow  and  may  have  been  to  some  extent  crystalline,  at  any  rate  sufficiently 
so  to  produce  the  same  effect  as  incipient  crystallization  from  a  glassy  mass. 

'  Rutlej*s  Study  of  Rocks,  p.  183. 
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ADDITIONS  TO  THE  MUSEUM. 

From  ist  October  to  31ST  December  1887. 

Concretrons  from  beach  abreast  Saugor  light-house. 

Presented  by  Mr.  S.  R.  Elson,  Calcutta. 
Three  specimens  of  the  meteoric  irons  of  Youngdegin,  Nejed,  and  Greenbrier  County. 

Presented  by  the  Trustees,  British  Museum,  London. 


ADDITIONS  TO  THE  LIBRARY. 

From  ist  October  to  31ST  December  1887. 
Titles  of  Books,  Donors. 

Ashburner,  Charles  i4.— The  geologic  distribution  of  Natural  Gas  in  the  U.  States.    8* 

Pam.  St.  Louis,  1886.  The  Author. 

AsHBURNER,  Charles  A, — The  geologic  relations  of  the  Nanticoke  disaster.    8**  Pam. 

Philadelphia,  1887.  The  Author. 

Bronn's  Klassen  und  Ordriungen  des  Thier-Reichs.    Band  IV.,  Wiirmer,  lief.  5^^.    8* 

Leipzig,  1887. 
Fresenius,  C.  Remigius, — Qualitative  Chemical  Analysis.  loth  edition.  Translated  from 

the  15th  German  edition  and  edited  by  Charles  E.  Groves.  8**  London, 

1887. 
Frits ch,  Anton,  and  Kafka,  yoj.— Die  Crustaceen  der  Bohmischen  Kreideformation. 

4**  Prag,  1887. 
Fritz,  /^.— Die  Sonne.    4*  Pam.  Basel,  1885.  *      Nat.  Hist.  Soc,  Zurich. 

GuppY,  H.  B. — The  Solomon  Islands  :  their  geology,  general  features,  artd  suitability  for 

colonization.    8**  London,  1887. 
Hunt,  Thomas  5'^^rry.— Mineral   Physiology  and  Physiography.    A  second  series  of 

chemical  and  geological  essays  with  a  general  introduction.    8"  Boston, 

1886. 
Hunt,  Thos.  Sterry, — A  new  basis  for  chemistry  :  a  chemical  philosophy.   8**  Boston,  1887. 
Margerie,  Emm,  de,—Notes  g^logiques  sur  la  region  du  Mont-Perdu.     8**  Pam.  Paris^ 

1887.  The  Author. 

Martin  K*  and  Wichmann,  A, — Beitrage  zur  Geologie  Ost-Asiens  und  Australiens 

No.  15.     8°  Leiden,  1887. 
Minig  and  Mineral  Statistics  of  the  United  Kingdom  of  Great  Britain  and  Ireland  for 

1886.    Flsc,     London,  1887. 

Revenue  &  Agricultural  Department. 

Mojsisovics,  E,  V,  and  Neumayr,  M, — Beitrage   zur  Palaontologie   Osterreich-Un- 

garns  und  des  Orients.    Band  V.,  heft  4.    4**  Wien,  1887. 

Palaontologie    Francaise.     ire  Sdrie,  Animaux  Invert^br^,    Terrain    Jurassique, 

Crinoides,  Livr.  84,  and  Terrain  Cr^tac6,  Zoophytes,  Livr.  33.  8"  Paris, 

1887. 
Penck,  Albrecht.—  D'ie  Vergletschening  der  Deutschen  Atpen,  ihre  ursachen,  peri- 

odische  wiederkehr  und  ihr  einfluss  auf  die  bodengestaltung.  8*  Leipzig, 
1882. 
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Titles  of  Books.  Donors. 

PuMPELLT»  Raphael. — Report  on  the  Mining  Indnstries  of  the  U.  S.  (exduave  of  the 

precioiis  metals),  with  special  investigations  into  the  Iron  resources 
of  the  Repoblic  and  into  the  Cretaceoos  Coals  of  the  North-west.  4* 
Washington,  i8S^  Rbvbkub  &  Agricultural  Dbpartmbxt. 

QuENSTBDT,  F.  ^.^Die  Amraoniten  dcs  Schw&bischen  Jnra.    Heft  14—16.    With 

atlas.    8*  and  4*  Stuttgart,  1887. 

Reads »  T.  Mellard. — The  origin  of  Mountain  Ranges.    8*  London,  1886. 

Roth,  Justus. — AUgemeine  und  chemische  Gcologie.    Band  II,  abth.3.  8*  Berlin,  1887. 

Spon,  Ernest. — Workshop  receipts  for  manufacturers,  mechanics  and  scientific  ama* 

teurs.  2nd  series,  by  Robert  Haldane.  jid  and  4th  series  by  C. 
G.  Wamford  Lock.     8*  London,  1885. 

Trton,  George  W. — Manual  of  Conchology.    Vol.  IX,  No.  a,  and  and  series.  Vol.  Ill, 

No.  3.    8*  PhUaddphia,  1887. 

Valentin,  Wm.  George. — A  course  of  Qualitative  Chemical  Analysis.  Revised  and  cor- 
rected by  W.  R.  Hodgkinson  and  H.  M.  Chapman.  6th  edition. 
8**  London,  1884. 

WoRSAAB,  Jens  Jacob  Asmussen. — ^The  Pre^history  of  the  North,  based  on  contemp- 
orary memorials.  Translated,  with  a  brief  memoir  of  the  author,  by 
H.  F.  Morland  Simpson.    8*  London,  1886. 


PERIODICALS,  SERIALS,  frc. 

American  Journal  of  Science.    3rd  series.  Vol.  XXXIV,  Nos.  aoi-ac^.   8°  New  Haven, 

1887.  Thb  Editors. 

American  Naturalist.    Vol.  XXI,  Nos.  1-9.    8*  Philadelphia,  1887. 
Annalen  der  Physik  und  Chemie.    Neue  Folge.     Band  XXXII,  heft  3-4.    8*  Leiprig, 

1887. 
Annales  des  Mines.    8"*  s^rie.     Tome  XI,  li\T.  1-2.    8°  Paris,  1887. 

Department  of  Mines,  Paris. 
Annales  des  Sciences  Naturelles.    7"*  s^rie,  Zoologie  et  Pal^ntologie.    Tome  II,  Nos. 

5^.    8"  Paris,  1887. 
Annals  and.  Magazine  of  Natural  History.    5th  series.  Vol.  XX.    Nos.   117-120.    8® 

London,  1887. 
Archiv  fur   Naturgeschichte.    Jahrg.    LI,  heft  6,  and  Jahrg.  LI  1 1,  Band  I,  heft  i.    8® 

Berlin,  1885  and  1887. 
Athenaeum.     Nos.  3123-3137.    4*  London,  1887. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie.     Band  XI,  Nos.  8-10.    8*  Leipzig, 

1887. 
Biblioth^que  Universelle.    Archives  des  Sciences  Physiques  et  Naturelles.    3me  P^riode, 

Tome  XVII,  No.  6  to  XVIII,  No.  g.    8*  Gen&ve,  1887. 
Biblioth^que  Universelle  et  Revue  Suisse.    3"*   P^riode,  Tome  XXXV,  Nos.  103-106. 

8^  Lausanne,  1887. 
Botanisches  Centralblatt.    Band  XXXI,  Nos.  9-13;  XXXII,  Nos.  x-io.     8*  Cassel, 

1887. 
Chemical  News.    Vol.  LVI,  Nos.  1449-1463.    4*  London,  1887. 

Colliery  Guardian.    Vol.  LIV,  Nos.  1392-1406.    Fol.    London,  1887. 
Das  Ausland.    Jahrg.  LX,  Nos.  35-49.    4^  Stuttgart,  1887. 
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Titles  of  Books.  Donors, 

Geographische  Abhandlungen.    Band  I,  heft  3;  and  II,  heft  1-2.    8**  Wien,  1887. 
Geological  Magazine.    New  series.  Decade  III,  Vol  IV,  Nos.  g-12.    8*  London,  1887. 
Indian  Engfineering.    Vol.  II,  Nos.  13-26.    Flsc.    Calcutta,  1887.  Pat.  Doyle. 

Iron.    Vol.  XXX,  Nos.  764-778.    Fol.  London,  1887. 

Journal  de  Conchyliologie.    3nie  s^rie.  Tome  XXVII,  No  3.    8*  Paris,  1887. 

London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.    5th 

series.  Vol.  XXIV,  Nos.  148-151.    8°  London,  1887. 
Mining  Journal.    Vol.  LVII,  Nos.  2714-2728.     Fol.     London,  1887. 
Natiu-ae  Novitates.    Jahrg.  IX,  Nos.  17-24.    8°  Berlin,  1887. 
Nature.    Vol.  XXXVI,  No.  931  to  XXXVII,  No.  945.    4*  London,  1887. 
Neues  Jahrbuch  fur.  Mineralog^e,  Geologie  und  Palaeontologie.    Beilage-Band  V,  heft 

2-3.    8**  Stuttgart,  1887. 
Neues  Jahrbuch  fur  Mineralogie,  Geologic,  und  Palaeontologie.    Jahrg.  1887.    Band  II, 

heft  2-3.    8**  Stuttgart,  1887. 
Palaeontographica.    Band  XXXIV,  lief  i.    4*  Stuttgart,  1887, 
Palaeontologische  Abhandlungen.    Band  III,  heft  5.    4®  Berlin,  1887. 
Petermann's  Geographische  Mittheilungen.    Band  XXXIII,  Nos,  9-12.     4*  Gotha, 

1887. 
Petermann's  Geographische  Mittheilungen.    Supplement  No.  88.    4*  Gotha,  1887. 
Quarterly  Journal  of  Microscopical  Science.    New  series.  Vol.  XXVIII,  pts.  i-2.    8" 

London,  1887. 
The  Indian  Engineer.    Vol.  Ill,  No.  13  and  IV,  Nos.  1-7.    4°  Calcutta,  1887. 

Newman  &  Co. 


GOVERNMENT  SELECTIONS,  REPORTS,  &c. 

Bengal.— Quarterly  Bengal  Army  List  for  October  ist,  1887.     New  series.  No.  102.    8* 

Calcutta,  1887.  Government  of  India. 

Bombay. — Selections  from  the  Records  of  the  Bombay  Government.    New  series.    Nos. 

209-211  and  213.    Flsc.  Bombay,  1887.  Bombay  Government. 

Central  Provinces. — Report  on  the  administration  of  the  Central  Provinces  for  1886- 

87.    4*  Nagpur,  1887. 

Chief  Commissioner,  Central  Provinces. 

India.— Administration  Report  on  the  railways  in  India  for  1886-87.     Part  II.    Flsc, 

Calcutta,  1887.  Government  op  India. 

„  Annual  statement  of  the  trade  and  navigation  of  British  India  with  Foreign  Coun- 
tries, &c.,  in  the  year  ending  31st  March  1887.  Vol.  I,  No.  21.  4" 
Calcutta,  1887.  Government  of  India. 

„       Government  of  India  Civil  Budget  Estimate  for  1887-88.    Flsc.    Calcutta,  1887. 

Government  of  India. 

,,       Indian  Meteorological  Memoirs.    Vol.  Ill,  pt.  2.    4*  Calcutta,  1887. 

Mbteorolooical  Reporter,  Government  op  India. 

„  Memoir  on  the  Winds  and  Monsoons  of  the  Arabian  Sea  and  North  Indian 
Ocean.    By  W.  L.  Dallas.    4?  Calcutta,  1887. 

Meteorological  Reporter,  Government  op  India. 
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I  NDiA. — Register  of  original  observations  in  1887,  reduced  and  corrected.    June  and 

July  1887.    4°  Calcutta,  1887. 

Meteorological  Reporter  to  Government  op  India. 
„       Report  on  the  administration  of  the  Meteorological  Department  of  the  Govern- 
ment of  India  in  1886-87.    4**  Calcutta,  1887. 

Meteorolooical  Reporter  to  Government  of  India. 
„       List  of  Civil  Officers  holding  gazetted  appointments  under  the  Government  of 

India  in  the  Home,  Legislative,  Foreign,  and  Revenue  and  Agricultural 
Departments,  &c.,  on  ist  July  1887.    S°  Calcutta,  1887. 

Revenue  and  Agricultural  Department. 

„       Selections  from  the  Records  of  the  Government  of  India,  Foreign   Department. 

No.  229.    Flsc.    Calcutta,  1887.  Government  op  India. 

Madras. — Annual  administration  reports  of  the  Forest  Department  (southern  and  north- 
ern circles)  Madras  Presidency  for  1885-86.    Flsc.     Madras,  1887. 

Madras  Government. 
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TRANSACTIONS,  PROCEEDINGS,  &c.,  OF  SOCIETIES,  SURVEYS,  &c. 

Baltimore. — American  Chemical  Journal.    Vol.  IX,  Nos.  4-5.    8°  Baltimore,  1887. 

Johns  Hopkins  University. 

„  American  Journal  of  Mathematics.     Vol.  VIII,  Nos.  1-2  and  Vol.  X,  No. 

I.    4°  Baltimore,  1885-86.  Johns  Hopkins  University. 

„  American  Journal  of  Philology.    Vol.  VIII,  No  2.    8**  Baltimore,  1887. 

Johns  Hopkins  University. 

Annua]  reports  of  the  Johns  Hopkins  University,  1 879-1 881  &    1885.    8* 
Baltimore,  1879-1885.  Johns  Hopkins  University. 

Johns  Hopkins  University  Circulars.     Vol.  IV,  No.  40.    4**  Baltimore,  1885. 

Johns  Hopkins  University. 

Johns  Hopkins   University.      Studies  from   the  Biological    Laboratory. 

Vol.  IV,  No.  2.    8**  Baltimore,  1887.  The  University. 

Johns  Hopkins  University  Studies  in   Historical   and    Political   Science. 

5th  series,  Nos.  IX-X,  and  Vols,  I  and  II,  No.  3.       8**  Baltimore, 

1887.  The  University. 

Batavia. — Nederlandisch-Indisch  Plakaatboek,  1602— 1811.     Door  J.  A.  van  der  Chijs. 

Deel  IV.    8°  Batavia,  1887.  Batavian  Society. 

Notulen  van  het  Bataviaasch  Genootschap  van  Kunsten  en  Wetenschappen. 
Deel  XXV,  Afl.  2-3.    8"  Batavia,  1887.  Batavian  Society. 

Tijdschrift  voor  Indische  Taal-Land-en  Volkenkunde.     Deel  XXXII,  Afl.  i. 
8**  Batavia,  1887.  Batavian  Society. 

Berlin. — Sitzungsberichte  der  Koniglichen  Preussischen  Akademie  der  Wissenschaften. 

Nos.  40-53  (1886),  and  Nos.  I-18  (1887).     8**  Berlin,  1886-1887. 

The  Academy. 

„  Zeitschrift  der  Deutschen  Geologischen  Gcsellschaft.  Band  XXXIX,  heft  2. 

8*  Berlin,  1887.  German  Geological  Society. 
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Bombay. — Journal  of  the  Bombay  Natural  History  Society.    Vol  1 1,  No.  3.    8^  Bombay, 

1887.  ^  Thb  Society. 

Breslau. — Abhandlungen  der  Schlesischen  Gesellschaft  fur  vaterlandische  Cultur.    Phi- 

losophisch-historische  Abtheilung.  i868«  heft  2,  and  1869.    8°  Breslau » 
1869.  SiLESiAN  Society,  Breslau. 

„  Jahres-Bericht  der  Schlesischen  Gesellschaft  fur  vaterlandische  Cultur.    Nos 

34-38,  46,  63-64.    4*  and  8**  Breslau,  1856-1887. 

SiLESiAN  Society,  Breslau. 

Bristol. — Proceedings  of  the  Bristol  Naturalists'  Society.    New  series.  Vol.  V,  pt.  2. 

8'  Bristol,  1887.  The  Society. 

Brussels.— Annales  de  la  Socidt^  Royale  Malacologique de  Belgique.     4""  s^rie.  Tome  I. 

8*  Bruxelles,  1886.  The  Society. 

Proc&s-Verbaux  des  stances  de  la  Socidt^  Royale  Malacologique  de  Bel- 
gique.   Tome  XVI,  pp.  i-lxxx.    8**  Bruxelles,  1887.        The  Society. 

Annales  du  Mus^  Royal  d'Histoire  Naturelle  de  Belgique.  S^rie  Pal^onto- 
logique.    Tome  XIII,  part  5,  with  atlas  of  plates.    Fol.  Bruxelles,  1886. 

The  Museum. 

Annuaire  de  TAcad^mie  Royale  des  Sciences.  Ann^e  LI  I — LI  1 1.  8° 
Bruxelles,  1886-1887.  Royal  Academy  op  Science,  Belgium. 

Bulletins  de  TAcad^mie  Royale  des  Sciences.  3""  s^rie,  Tome  IX— XIII. 
8*  Bruxelles,  1885-1887.        Royal  Academy  of  Science,  BELOfUM. 

M6moires  couronn^s  et  autres  m^moires  publics  par  I'Acad^mie  Royale  des 
Sciences.    Tome  XXXVII— XXXIX.    r  Bruxelles,  1886. 

Royal  Academy  op  Science,  Belgium. 

M6moires  couronn^s  et  m^moires  des  savants  Strangers  publics  par  I'Aca- 
d^mie  Royale  des  Sciences.  Tome  XLVII— XLVIII.  4*  Bruxelles, 
1886.  Royal  Academy  of  Science,  Belgium. 

M^moires  de  1' Acad^mie  Royale  des  Sciences.    Tome  XLVI.    4°  Bruxelles, 

1886.  Royal  Academy  op  Science,  Belgium. 
Bulletin  de  la  Soci^t^  Royale  Beige  de  G^ographie.    Ann^e  XI,  Nos.  3.4. 

8*  Bruxelles,  1887.  The  Society, 

udapest.— Geologische  Mittheilungen.    Band  XVI,  Nos.  7-12  and  XVII  Nos.  1-6. 

8°  Budapest,  1886-1887.  Hungarian  Geological  Society. 

Jahresbericht  der  Kgl.  Ung.  GeologischenAnstalt,  fur  1885.    8*  Budapest, 

1887.  Royal  Hungarian  Geological  Institute. 
Mittheilungen  aus  dem   Jahrbuche   der  kon.   Ungarischen   Geologischen 

Anstalt.  Band  VII,  heft  6  and  VIII,  heft  4-5.     8*  Budapest,  1887. 

Royal  Hungarian  Geological  Institute. 
„  Termeszetrajzi  Fuzetek.    Vol.  XI,  Na  i.    8*  Budapest,  1887. 

Hungarian  Nat.  Museum. 
UENOS  Aires. — Boletin  de  la  Academia  Nacional  de  Ciencias  en  Cordoba.    Tome  IX 

Nos.  3-4.    8®  Buenos  Aires,  1886.  The  Academy. 

Vuppalo. — Bulletin  of  the  Buffalo  Society  of  Natural  Sciences.  Vol.  V,  No.  a.    8°  Buffalo, 

1886.  The  Society. 
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LAUSANNB.^Bulletin  de  la  Soci6t6  Vaudoise  des  Sciences  Naturelles.  3"*  s^rie.  Vol. 

XXIII,  No.  96.    8°  Lausanne,  1887.  The  Society. 

Leide. — Annales  de  Tfecole  Polytechnique  de  Delft.    Tome  III,  Hvr.  2.    4°  Leide,  1887. 

6cOLB   PoLYTECHNIftUE   DE    DeLFT. 

Lille.— Annales  delaSoci6t^  G^ologique  du  Nord.  Vol.  I — XIII.     8°  Lille,  1874-1886. 

Soc.  G^oL.  DU  Nord. 
„        M^moires  de  la  Soci^t6  Gdologique  du  Nord.  Vol.  I,  Nos.  1-3,  &  Vol.  II, 

No.  I.    4"  Lille,  1876-1882.  Soc.  GioL.  du  Nord. 

Liverpool  — Proceedings  of  the  Liverpool  Geological  Society,    Vol.  V,  pt.  3.    8°  Liver- 
pool, 1887.  The  Society. 
London. — Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland.    Vol. 

XVII,  No.  I.    8°  London,  1887. 
„  Journal  of  the  Iron  and  Steel  Institute.    No.  L    8**  London,  1887. 

The  Institute. 

„  Journal  of  the  Linnean  Society.    Botany.    Vol.  XXII,   Nos.   145  to  149, 

XXIII,   No.    151,  &  XXIV,  No.  158,  with  list  of  Fellows  fori887! 

8®  London,  1886-1887.  The  Society. 

„  Journal  of  the  Linnean  Society.     Zoology.    Vol.  XIX,  Nos.  114  to  115,  XX, 

Nos.  116-117,  &  XXI,  Nos.  126-129.    8^  London,  1886-1887. 

.  The  Society. 

Proceedings  of  the  Linnean  Society.  Sessions  1883-1886  and  1886.1887. 
8°  London,  1886-1887.  The  Society, 

Transactions  of  the  Linnean  Society  of  London.  2nd  series.  Botany,  Vol.  II, 
pts.9-i4;  2nd  series,  Zoology,  Vol.  IV,  pts.  1-2.  4*  London,  1886- 
1887.  The  Society. 

„  Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland.  New  series, 

Vol.  XIX,  pts.  3-4.    8°  London,  1887.  The  Society. 

„  Journal  of  the  Society  of  Arts.  Vol.  XXXV,  No.  1815  to  XXXVI,  No.  1829. 

8**  London,  1887.  The  Society. 

^  Mineralog^cal  Magazine  and  Journal  of  the  Mineralogical  Society.    Vol.  VII, 

No.  34.    8°  London,  1887. 

„  Philosophical  Transactions  of  the  Royal  Society  of  London.    Vol.  177,  pts. 

i-a,  with  list  of  Fellows  for  1886.    4®  London,  1886-1887. 

The  Society. 

„  Proceedings  of  the  Royal  Society.    Vol.  XLII,  Nos.  256-258.    8**  London, 

1887.  The  Society. 

„  Proceedings  of  the  Royal  Geographical   Society.    New  series.  Vol.   IX, 

Nos.  8-10.    8*  London,  1887.  The  Society. 

„  Proceedings  of  the  Zoological   Society  of  London.     Parts  II-III,   1887.    8* 

London,  1887.  The  Society- 

„  Quarterly  Journal  of  the  Geological  Society.    Vol.  XLIII,  No.  171.    8° 

London,  1887.  The  Society. 

Madrid.— Boletin  de  laSociedad  Geografica  de  Madrid.    Tomo  XXII,  Nos.  3-6,  and 

XXIII,  Nos.  1-2.    8°  Madrid,  1887.  The  Society. 
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Manchester.— Transactions  of  the  Manchester   Geological  Society.    Vol.  XIX,  pts. 

8-12.    8°  Manchester,  1887.  The  Society. 

Melbourne. — Annual  Report  of  the  Secretary  for  Mines  and  Water-supply  for  i886» 

FIsc.  Melbpurne,  1887.  Dept.  op  Mines,  Victoru. 

„  Mineral  Statistics  of  Victoria  for  1886.    Flsc  Melbourne,  1887. 

Mining  Dept.,  Victoria. 
„  Natural  History  of  Victoria.     Prodromus  of  the  Zoology  of  Victoria;  or 

figures  and  descriptions  ol  the  living  species  of  all  classes  of  the  Victo- 
rian indigenous  animals.  By  Frederick  McCoy.  Decades  I — XIV. 
8°  Melbourne,  1878-1887.  Mining  Dept.,  Victoria. 

Reports  of  the  Mining  Reg^istrars  for  the  quarter  ending  30th  June  1887. 
Flsc.  Melbourne,  1887.  Mining  Department,  Victoria. 

Transactions  and  Proceedings  of  the  Royal  Society  of  Victoria.    Vols. 
XXII— XXIII.    8**  Melbourne,  1886-1887.  The  Society. 

Transactions  of  the  Geological  Society  of  Australasia.     Vol.  I,  pt.  2.    8* 
Melbourne,  1887.  The  Society. 

Milano. — Atti  della  Societa  Italiana  di  Scieaze  Naturali.    Vol.  XXIX,  fasc  1-4.    8^ 

Milano,  i886.  The  Society. 

„  Reale  Istituto  Lombardo  di  Scienze  e  Lettere.     Rendiconti,  Serie   II,  Vol. 

XVIII.    8°  Milano,  1885.  The  Institute. 

Montreal. — Proceedings  and  Transactions  of  the  Royal  Society  of  Canada.     Vols.  Ill 

and  IV.    4®  Montreal,  1886-1887.  The  Society. 

Moscow. — Bulletin  de  la  Soci^td  Imp^dale  des  Naturalistes.     No.  3,  1887.    8**  Moscou, 

1887.  The  Society. 

Munich. — Abhandlungen  der  Math-Phys.  classe  der  k.  b.  Akademie  der  Wissenschaf* 

ten.  Band  XV.  Abth.  2-3,  and  XVI,  Abth.  i.  4**  Munchen, 
1885-1887.  Royal  Bavarian  Academy. 

„         Sitzungsberichte  der  Math-Phys.  classe  der  k.  b.  Akademie  der  Wissenschaf- 
ten.     Heft  2-4  (1884),  heft  1-4  (1885),  and  heft   1-3  (1886).     8*  Mun- 
chen, 1884-1886.  Royal  Bavarian  Academy. 
Naples. — Atti  dell*  A ccademia  dclle  Scienze  Fisiche  e  Matematiche.     Vols.  I — IX.    4** 

Napoli,  1863-1882.  The  Academy. 

„         Rendiconto  dell'  Accademia  delle  Scienze  Fisiche  e  Matematiche.     Anno   I 
(i862)-XXI  (1882),  and  XXV,  fasc.  4-12.     4*^  Napoli,  1862-1886. 

The  Academy. 
Newcastle-on-Tyne. — Transactions  of  the  North  of  England  Institute  of  Mining  and 

Mechanical  Engineers.     Vol.  XXXVI,  pt.  4.     8°  Newcastle- 
on-Tyne,  1887.  The  Institute. 
New  York. — Annals  of  the  New  York  Academy  of  Sciences,  late  Lyceum  of  Natural 

History.     Vol.  IV,  Nos.  1-2.     8**  New  York,  1887. 

The  Academy. 
Paris.— Bulletin  de  la  Society  Academique  Indo-Chinoise  de  France.  2"*  s^rie.  Tome  II. 

8°  Paris,  1883-1885.  The   Society. 

Bulletin  de  la  Socict6  de  Geographic.     7"'   s^ric,  Tome   VIII,  Nos.  1-3.     8* 
Paris,  1887.  The  Society. 

Compte  Rendu  des  Seances  de  la  Socidtc  de  Geographic.     No.  13.     8**  Paris, 
1887.  The  Society. 
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Paris. — Bulletin  de  la  Soci^t6  Gdologique  de  France.    3""  s6rie,  Tome  XV,  No.  6.    8® 

Paris,  1887.  The  Society. 

Philadelphia.— Journal  of  the  Franklin  Institute.    3'**  series.  Vol.  XCIV,  Nos.  3-5. 

8*  Philadelphia,  1887.  Franklin  Institute. 

M  Proceedings  of  the  Academy  of  Natural  Sciences.     Part  I,  1887.    8° 

Philadelphia,  1887.  The  Academy. 

M  Proceedings  of  the  American  Philosophical  Society.    Vol.  XXIV,  No. 

125.    8**  Philadelphia,  1887.  The  Society. 

Pisa.— Atti  della  Societa  Toscana  di  Scieiue  Naturali.   Memorie.  Vol.  VIII,  fasc.  2.    8* 

Pisa,  1887.  The  Society. 

„      Atti  della  Societa  Toscana  di  Scienze  Naturali.     Processi  Verbali.    Vol.  V,  pp- 

267-304.    8°  Pisa,  1887.  The  Society. 

Rome. — Atti  della  Reale  Accademia  dei  Lincei.  Serie  IV,  Rendiconti,  Vol.  Ill,  Somestre 

2,  fasc.  2-7.    8"  Roma,  1887.  The  Academy. 

„      Bollettino  del  R.  Comitato  Geologico  d' Italia.    Vol.  XVII.    8^  Roma,  1886. 

The  Committee. 

San  Francisco.— Bulletin  of  the  California  Academy  of  Sciences.    Vol.  II,  No.  6.    8* 

San  Francisco,  1887.  The  Academy. 

Singapore.— Journal  of  the  Straits   Branch  of  the  Royal  Asiatic  Society.    No.  18.    8* 

Singapore,  1887.  The  Society. 

St.  Petersburo. — Beitrage  zur  kenntniss  des  Russischen  Reiches  und  der  Angrenzen- 

den  Lander  Asiens.     Folge  III,  Band  2.    8**  St.  Petersburg,  1887. 

Imperial  Academy  of  Sciences. 

Sydney. — Annual  report  of  the  Department  of  Mines,  New  South  Wales,  for  1886. 

Flsc.  Sydney,  1887.  ^  Dept.  of  Mines,  N.  S.  Wales. 

„  Proceedings  of  the  Linnean  Society  of  New  South  Wales.    2"*  series.  Vol, 

II,  pt.  2.     8*Sydney,  1887.  The  Society. 

Venice.— Atti  del  Reale  Istituto  Veneto  di  Scienze,  Lettere  ed  Arti.  Serie  VI,  Tomo  III, 

disp.  10;  Tomo  IV,  disp.  i-io;  and  Tomo  V,  disp.  i  and  7-9.  8" 
Venezia,  1884-1887.  The  Institute. 

Vienna.— Verhandlungen  der    K.    K.  geologischen    Reichsanstalt.    Nos.    11-14.     8** 

Wien,  1887.  The  Institute. 

Washington. — Annual  report  of  the  Board  of  Regents  of  the  Smithsonian  Institution. 

Part  I,  1885.    8**  Washington,  1886.  The  Institution, 

Bulletin  of  the  U.  S.  Geological  Survey.    Nos.  34-39.     8*  Washington, 

1886-1887.  U.  S.  Geological  Survey. 

Sixth   annual    report  of    the  U.  S.  Geological  Survey,   1884-85.     8° 
Washington,  1885.  U.  S.  Geological  Survey. 

Memoirs  of  the  National   Academy  of  Sciences.    Vol.  Ill,  part  2.    4* 
Washington,  1886.  The  Academy. 

Report  of  the  Superintendent  of  the  U.  S.  Coast  and  Geodetic  Survey  for 
the  year  ending  June  1883.    4°  Washington,  1884. 

Revenue  &  Agricultural  Department. 
Wellington,— Transactions  and  Proceedings  of  the  New  Zealand  Institute.  Vol.  XIX. 

8°  Wellington,  1887.  The  Institute. 
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Yokohama. — Mittheilungen  der  Deutsdien  Gesdlachaft  fur  Natur-und  Vdlkerkunde 

Ostasiens.    BandJV,  heft  36-37.    Flsc  Yokohama,  1887. 

THB  Society. 

,9  Transactions  of  the  Asiatic  Society    of    Japan.    Vol.  XV,  part  2.   8" 

Yokohama,  1887.  The  Society. 

Zurich. — Neujahrsblatt    herausgegeben     von    der    Natmiorschenden      Gesellschaft. 

N0.LXXXIX.    4**  Zurich,  1887,     .  Nat.  Hist.  Soc^  Zurich. 


MAPS. 

Johnston,  Alexander  Keith. — The  Royal  Atlas  of  Modem  Geography  exhibiting  in  a 

series  of  entirely  original  and  authentic  maps  the  present  condition  of 
geographical  discovery  and  research  in  the  several  countries,  empires, 
and  states  of  the  World.  With  additions  and  corrections  to  the  present 
date,  by  T.  B.  Johnston.    New  edition.     Fol.  Edinburgh,  1887* 

Plan  of  the  town  of  Calcutta.    2nd  edition.    Scale  6"=:i  mile.    Map.    Calcutta,  1878. 


The  3rd  January  1888. 
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Award  of  the  WoUaston  Gold  Medal,  Geological  Society  of  London,  1888. 

Annual  General  Meeting,  February  17th,  1888.  Professor  J.  W.  Judd,  F.RS., 
President,  in  the  Chair. 

In  presenting  the  Wollaston  Gold  Medal  to  Mr.  Henry  Benedict  Medlicott,  M.A., 
F.R.S.,  late  Director  of  theT  Geological  Survey  of  India,  the  President  addressed  him 
as  follows : — 

''  Mr.  Medlicott, — ^Tbe  Council  of  ibis  Society  are  not  unmindful  of  the  fact  that  many  of 
our  Fellows  are  engaged  in  the  promotion  of  Geological  Science  in  every  part  of  a  vast  Empire ; 
in  awarding  to  you  the  highest  honour  which  is  at  their  disposal,  they  are  following  a  precedent 
which  was  established  more  than  fifty  years  ago,  by  the  presentation  of  the  Wollaston  Medal 
to  Cautley  and  Falconer.  In  that  great  Indian  dominion  where  those  famous  geologists  carried 
on  their  important  researches,  you  commenced  your  labours  as  far  back  as  the  year  1854 ;  and 
for  more  than  a  third  of  a  century  you  have  continued  the  almost  incessant  exertions  which 
have  led  to  very  important  additions  to  our  knowledge,  often  obtained  only  at  the  price  of 
severe  hardships,  and  at  the  risk  of  serious  dangers.  During  the  last  eleven  years  you  have 
occupied  the  important  and  responsible  position  of  Director  of  the  Indian  Survey;  and  it  is  to 
your  administrative  ability  in  that  position  that  we  owe  many  of  the  valuable  results  obtained 
by  that  Survey  in  recent  years ;  more  especially  are  we  indebted  to  you,  and  to  our  Secretary, 
Dr.  Blanford,  for  that  useful  Compendium  of  Indian  Geology  which  has  now  become  indispens- 
able to  all  students  of  our  science.  We  feel  it  to  be  singularly  appropriate  that  we  are  able  to 
make  this  award  to  you  just  at  the  time  that  you  return  to  your  native  country  for  the  rest  you 
have  so  well  earned." 

"Mr.  Medlicott  replied: — Mr.  President,— The  award  of  the  Wollaston  medal  by  the 
Geological  Society  b  the  most  gratifying  distinction  that  a  geologist  can  receive.  It  is  only  as 
a  recognition  of  devotion  to  our  science  that  I  can  venture  to  accept  so  great  an  honour.  My 
work  has  been  chiefly  in  combination  with  others,  and  it  gives  me  much  consolation  to  think 
that  my  colleagues  of  the  Geological  Survey  of  India  will  share  in  this  reward,  and  will  appre- 
ciate it." 
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The  Dharwar  System,  the  Chief  Auriferous  rock  series  in  South  India,  hj 
R.  B,  FOOTE,  F.G.S.,  Superintendent^  Geological  Survey  of  India, 
(With  Map,) 

The  promising  development  of  the  gold  mining  industry  during  the  last  five 

years  having  gone  far  to  undo  the  miscbievoas  effects  of  the  wild  gold  speculatioti 

of  previous  years,  greatly  increased  attention  has  been  devoted  to  the  auriferous 

rocks  in  Mysore,  and  the  adjoining  districts  of  the  Madras  and  Bombay  Fkesidencies 

and  the  Nizam's  Dominions.    A  proof  of  this  is  furnished  by  the  fact  that  a  Londo'n 

publishing  firm  reproduced  the  map  which  I  had  given  in  illietration  of  my  pap^^T 

on  "  A  traverse  across  some  gold  fields  of  Mysore,"  which  appeared  in  the  Record  ^, 

Geological  Survey  of  India  (Vol.  XV,  part  4, 1882).    Since  the  publication  of  th  ^^ 

paper  my  official  duties  have  taken  me  over  large  tracts  occupied  by  the  aurifero 

rocks  both  in  the  Ceded   Districts  (Bellary,  Anantapur,  Ac),  and  in  Mysor 

especially  in  the  latter.    Some  of  the  information  gathered  about  the  auriferc^ 

rocks  in  the  Ceded  Districts  was  made  public  in  the  "Notes"  published  in  18S 

"  On  the  geology  of  parts  of  the  Bellary  and  Anantapur  Districts  "  {Records,  Geo4 

gical  Survey  of  India,  Vol.  XIX,  part  a).    The  additional  facts  collected  as  to 

geology  of  the  Mysore  country  were  obtained  during  a  visit  to  difierent  parts  of 

State,  made  by  desire  of  the  Durbar  with  the  object  of  my  reporting  on  the  auii: — ^*- 

ferous  tracts  known  to  exist  there,  and  about  which  separate  reports  had  be^^  n 

previously  drawn  up  by  Messrs.  Lavelle  and  Marsh.    On  completmg  tlus  tour,  whi<=^  b 

occupied  the  months  of  February,  March,  April  and  part  of  May  of  last  year,  I  dr^  "^ 

up  a  "  Report  on  the  Mysore  Auriferous  Tracts,"  which  was  published  among 

selections  from  the  Records  of  the  Mysore  Government  for  1M7.    My  report 

accompanied  by  a  map    showing    the   distribution  of  the    auriferous  rocks 

•*  Dharwars  "  as  then  ascertained.    This  map,  too,  only  claimed  to  be  a  sketch,  an  ^* 

as  such,  subject  to  modification  when  the  country  comes  to  be  regularly  survey^  ^' 

It  was,  however,  a  great  advance  on  the  first  map  published  in  1882.     In  x\r^^^ 

report  the  subject  of  the  auriferous  rocks  had  to  be  dealt  with  from  a  pur^^^X 

economic  point  of  view,  and  for  non-geological  readers,  all  technical  expressi 

were,  therefore,  as  far  as  possible  banished  from  it,  and  no  attempt  made  to  illustr 

the  different  features  of  purely  geological  interest.    These  are  dealt  with  in   ^•^^ 

present  paper.    The  map  which  accompanies  it  is  on  the  same  scale  as  that  ill  »^  ^' 

trating  my  "Traverse  across  Mysore"  (Records,  Geological  Survey  of  India,  V^^^*' 

XV,  p.  4,  1883),  and  a  comparison  of  the  two  will  show  that  a  very  real  advance 

been  made  in  the  interval  in  ascertaining  the  extent  and  distribution  of  the 

rocks.    The  map,   however,  is  only  put  forward  as  an  improved  sketch   to 

superseded  in  its  turn.    Large  additions  to  the  extent  of  the  Dharwar  S3rstem 

certainly  have  to  be  made  on  the  map,  as  the  geology  of  south  and  west  Mysore, 

the  adjoining  districts  of  South  Canara,  Coorg  and  Coimbatore  is  worked  out. 

the  Ceded  Districts,  too,  and  most  probably  on  the  western  side  of  the 

Districts  also,  considerable  areas  of  the  Dharwar  rocks  have  yet  to  be  separaC 

from  the  Gneissic  system  among  which  they  were  formerly  reckoned. 

The   Dharwar  rocks  form  a  very  well  marked  series  (or  system),  consist! 
mainly  of  Schistose  rocks  (hornblendic,  chloritic  and  argillitic)  with  associat 


i 


PART  2.]         FoOTE:  Chief  Auriferous  rock  series  in  South  India.  41 

more  or  less  haei&atitic  qtiartzites  and  numerous  contemporaneous  trap  flows.  In 
many  parts  of  t^  areas  occupied  by  these  rocks  occur  quartz  reels  and  veins  which 
are  auriferous,  indeed  all  the  more  important  auriferous  tracts  as  yet  known  in 
South  India  lie  within  such  areas>  and  hence  the  rocks  composing  them  have  come 
to  be  called  the  auriferous  series.  The  Kolar  gold  field  unquestionably  occurs  in  an 
outlying  band  of  the  Dharwar  aystem,  and  so  also  the  Honnabetta,  Chicknayakanhalli, 
Kotemaradi,  Honnamaradi,  Hal^kal  gudda,  Malibennur,  Chiraahaili)  Honnahatti  auri- 
ferous traces  and  the  Honnali  gold  field  (Kudri  konda  and  Palvanhalli)  in  Mysore, 
and  the  Dambal  gold  field,  in  Dharwar  District,  which  occur  in  one  or  other  of  the 
great  bands.  The  majority,  if  not  all  the  fifteen  outlying  auriferous  localities, 
forming  the  west  central  group  of  my  Mysore  Report  are  also  situated  on  detached 
areas  or  outliers  of  the  Dharwars. 

The  name  chosen  for  this  great  series  of  rocks,  the  "  Dharwars,"  was  selected  on 

well  recognized  principles  of  geological  nomenclature,  from 
>prb5  Mlcrt^!  ^^^"^     the  district  in  which  the  separation  into  a  distinct  and 

separate  system  of  the  Schistose  rocks  was  first  recognized. 
Till  then  they  had  been  grouped  as  part  of  the  great  South  Indian  Gneissic  system. 
The  necessity  for  such  separation  was  pointed  out  by  me  in  my  memoir  on  the 
South  Mahratta  country  (Memoirs,  Geological  Survey  of  India,  Vol.  XII^  1876),  but 
I  waited  for  further  evidence  of  the  stratigraphical  relation  of  the  Schistose  series 
to  the  far  more  crystalline  gneissics^  and  this  was  obtained  during  my  traverse 
across  Mysore  in  188 1,  and  by  an  examination  of  the  rocks  in  the  Sandur  and  Bellary 
hills  in  1884-85.  The  Schistose  rocks  are  very  largely  and  clearly  developed  in 
Dharwar  District,  and  the  well  known  town  of  Dharwar  stands  on  them.  All  things 
considered,  no  other  local  name  seemed  to  have  so  many  points  in  its  favour  and 
the  name  of  Dharwar  was  therefore  given  to  the  schistose,  or  auriferous  rock  system. 

A  glance  at  the  map  will  explain  the  distribution  of  the  Dharwar  rocks  far  more 

fully  than  would  many  pages  of  writing.   The  reader  is  there- 

Dh^^^''^l\i^.  ""^    ^^"^     ^^*  referred  to  the  map,  where  it  will  be  seen  that  the  rocks 

occur  in  three  great  bands,  continuous  for  great  distances, 
between  which,  and  to  the  north  and  east  of  which,  are  a  considerable  number  of 
irregular  patches  and  short  bands,  mostly  of  small  size,  which  will  be  enumerated  and 
in  part  described  further  on.    The  three  great  bands  have  been  called  respectively 

the  Dharwar-Shimoga  band  (the  most  westerly  of  all  at 
^^  '        present  known);  the  Dambal-Chiknayakkan-halli  band,  and 

the  Penn^r-Haggari  band,  which  includes  the  great  Hunugunda  band  extend- 
ing from  the  TuDgabhadra,  north-west  across  the  Raichur  Doab  up  to  the  Kistna. 
Between  the  Dharwar-Shimoga  and  the  Dambal-Chiknayakkan-halli  bands  lies 
(on  the  right  bank  of  the  Tungabhadra)  a  large  patch,  at  the  south  end  of  which 
stands  the  large  village  of  Kunchur  (Coonchoor);  only  the  extreme  north  end 
of  tlfis  has  been  actually  visited ;  it  cannot  therefore  be  described,  though  the  bare 
nature  of  the  hills  made  it  easy  enough  to  see  that  they  did  not  consist  of  granites 
or  gneisses.    Jn  the  southern  part  of  the  space  between  the  two  great  bands  just 

named  lies  a  considerable  number  of  small  patches,  mostly 
Minor    bands     and      narrow   and   band-like  in  shape,  of  which  three  may   be 

named  as  important  geologically.    These  are  the  Taggadur- 
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betta  patch  in  latitude  13**  3'  N.— and  longitude  76**  30'  E.,  the  Bellibetta  band,  16 
miles  to  the  south,  and  Honnabetta  34  miles  south-east  of  Taggaduibetta.    Twenty 
miles  south  of  Bellibetta  lies  a  group  of  three  small  auriferous  patches  which  ^ 
will  call  the  Sonnahalli  group  (to  be  described  further  on),  and  33  miles  east  of  thi  t 
group  is  a  solitary  small  patch,  at  Holgere,  the  most  southerly  auriferous  trad, 
which  came  under  my  notice  in  Mysore.  This  is  a  doubtful  outlier  of  the  Dharwa 

Between  the  Dambal^Chiknayakkan-halli  band  and  the  Penn^r-Haggari  ban 

lies  a  rather  large  and  very  important  tract  of  the  Dharwai s 

per  mountain^ract.  °^      which  here  form  the  Sandur  hills  and  the  Bellary  Coppe=r 

mountain  range,  a  group  of  hills  in  which  the  geologic^^V 
characteristics  of  this  system  may  be  studied  to  great  advantage. 

To  the  north  of  the  Penn6r-Haggari  band  in  the  country  between  the  Tung^^si.— 
Bands  north  of  the     bhadra  and  Kistna,  are  several  short  but  important  ban 
Penn^r-Haggari  band.       which  will  have  to  be  described  separately  further  on. 

Lastly,  must  be  noticed  the  band  forming  the  Kolar  gold-field,  which  lies  far 
the  eastward  of  the  southern  part  (as  at  present  known)  of  the  Dambal-Chiknayal 
kanhalli  band.    When  the  country  intervening  between  it  and  the  known  part 
the  Penn^r-Haggari  band  shall  have  been  examined  it  is  very  probable  that  a  coi 
nection  will  be  traceable  between  the  two  bands. 

Of  the  several  bands  and  patches  above  enumerated,  only  those  lying  within 
Bellary  district  proper,  and  a  few  miles  of  the  Penn^r.Haggari  band  m  Anantap 
district  have  been  closely  surveyed  with  the  object  of  specially  studjring  their  structu 
and  petrology.  The  Kolar,  Honnali  and  Dambal  gold-fields  have  also  been  studi 
carefully,  but  no  good  maps  showing  their  topographical  features  fully  were  availab 
and  in  the  two  former  so  much  of  the  surface  is  covered  with  cotton  soil  that  vt  O* 

many  points  of  difficulty  could  not  be  solved  satisfactorily. 

The  occurrence  of  the  Dharwar  rocks  over  the  face  of  the  gneissic  systems 

such  remarkable  bands,  or  portions  of  bands,  is  a  feai 
^Ongin  of  the  schistose     ^^^^^  ^^  ^^^^  ^^^^^  ^^^  attention  and  demands  explanaU. 

The  explanation  is  that  the  Dharwars,  as  now  seen,  are  t 
remains  of  a  great  sedimentary  series  which  covered  a  very  large  area  in  what  n 
forms  the  peninsula  of  India.  The  periods  of  sedimentary  deposition  were  int 
rupted  by  periods  of  volcanic  activity  during  which  great  flows  of  contempora 
ous  trap  were  poured  out.  Many  such  flows  were  formed  in  different  parts  of  t^ 
Dharwar  area,  as  in  that  which  now  forms  the  Sandur  and  Bellary  hills,  and  furt 
to  the  south-west  the  hills  south  of  Chitaldrug  and  the  Bababuden  mountains. 

The  Dharwar  rocks  were  at  a  very  remote  geological  period  exposed  to  v 
lateral  pressure,  by  which  they  were  crumpled  into  great  folds,  which  were  i 
exposed  to  great  denuding  action,  and  largely  eroded.    This  took  place  anterior 
the  deposition  of  the  Kadapa  and  Kaladgi  basins,  which  belong  to  the  upper 
tion  group.    Both  basins  were  deposited  unconformably  on  the  upturned,  and  gre 
contorted  and  eroded  beds  of  the  Dharwar  system.    The  great  jaspery  haemal 
beds  of  the  Dharwar  system  furnished  the  bright  coloured  jasper  pebbles  which 
so  striking  a  feature  in  the  basement  and  othel  conglomerates  of  the  Kadapa  syst 

The  forces  which  caused  the  great  crumpling  of  the  Dharwar  rocks  had, 
necessity,  also  much  effect  on  the  underlying  gneissic  rocks,  and  in  various  pla 
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induced  a  parallelism  of  folds  which  gives  locally  great  semblance  of  conformability. 
The  section  of  the  gneiss  rocks  exposed  south  of  the  southern  end  of  the  Sandur 
tract,  shows  the  gneiss  to  have  been  affected  by  an  anterior  process  of  crushing  from 
pressure,  acting  in  a  more  or  less  east  and  west  direction.  This  is  noteworthy,  as  it 
shows  that  the  peninsula  was  affected  at  no  less  than  four  periods  by  great,  approxi- 
mately east  to  west  or  west  to  east,  thrusts ;  the  two  just  noted,  and  two  later  ones, 
by  which  the  Kadapa  and  Karnul  rocks  were  respectively  crumpled  up  into  the  great 
foldings  they  now  show.  Of  these,  the  last  would  seem  to  have  been  the  least 
energetic. 

Only  a  brief  description  of  the  chief  petrographical  characters  of  the  Dharwar 
rocks  can  now  be  given ;  the  full  description  of  the  members  of  the  system  which 
occur  within  the  limits  of  the  Bellary  and  Anantapur  country  must  be  reserved  till 
the  final  Memoir  on  that  tract  comes  to  be  written,  while  those  of  the  Dharwar  rocks 
lying  in  other  tracts  ^  ill  have  to  await  the  times  when  they  may  have  been  studied 
by  other  geological  workers. 


Description  of  the  several  bands  and  patches  of  the 

Dharwar  System. 

/. — The  Dharwar 'Shimoga  band. 

This  great  band  of  the  Schistose  rocks  appears  at  its  northern  extremity  (in  the 

Belgaum  District)  in  several  small  inliers  exposed  by  the 
inlillrt!**^™    ^°"^    "^     denudation  of  the  overlying  Kaladgi  rocks  and  DeccanTrap 

flows.  These  inliers  present  nothing  very  noteworthy,  and 
may  be  dismissed  with  a  mere  enumeration.  They  are  seven  in  number.  The  most 
northerly  is  the  Gokak  inlier  covering  some  ten  square  miles  around  the  town  of 
Gokak.  The  second,  or  Kelvi  inlier  lies  about  a  mile  south  of  the  first.  Four  miles 
to  the  S.  W.  of  the  Gokak  inlier  is  the  Padshapur  inlier,  a  rudely  cruciform  valley,  cut 
through  the  Kaladgi  quartzites.  In  this  the  Dharwars  are  very  badly  seen,  owing  to  the 
extensive  alluvial  deposits  of  the  small  Markandi  river,  a  tributary  of  the  Gatprabbha. 
The  Dharwars  are  similarly  very  badly  displayed  in  the  small  inlier  exposed  on  the 
north  side  of  the  valley  of  the  Belgaum  nullah  (some  four  miles  N.  £.  of  that  town), 
which  nullah  forms  the  most  southerly  branch  of  the  Markandi  river.  The  other  three 
inliers  may  be  called  the  Wannur,  Budnur  and  Seedapur  inliers,  from  the  principal 
villages  within  their  limits,  or  close  to  them.    The  northern  extremity  of  the  great 

band  south  of  the  edge  of  the  Deccan  trap  area  is  also  very 

bandr*'  *"*^^  ^***  '"*^"     ^^^^^  exposed ;  the  surface  of  the  schists,  and  indeed  of  the 

whole  Sampgaum  Taluq,  being  greatly  masked  by  exten- 
sive sheets  of  cotton  soil.  The  rocks  chiefly  seen  are  bands  of  haematitic  quartzite, 
forming  low  bare  ridges,  which  are  in  many  cases  traceable  for  many  miles  in 
extent ;  between  them  are  beds  of  chloritic  schist,  generally  of  pale  green  colour. 
Argillites  occur  also,  and  are  in  parts  considerably  haematitic  in  their  mineral  charac- 
ter. Contemporaneous  trap  is  also  to  be  seen  in  the  valley  of  the  Belowaddi 
nullah. 
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Near  to  Byl  Hongal  and  BelQwaddi,  the  sands  of  several  stfeams  are  reputed 

auriferoos,  and  nsed  formerly  to  be  washed  for  goU;  so  also 
aSJaomT^T    "     the  nullah  at  Haul  KatU  near  BetowMidi.    The  acconnt. 

given  of  the  amonnt  of  gold  fonnd  in  this  quarts  are  xaiher 
conflicting,  the  earlier  records  representing  it  as  much  more  important  than  st 
present.  All  the  enquiries  made  by  myself  on  the  spot,  and  for  me  by  the  local  an- 
thorities,  showed  the  gold  industry  to  be  practically  extinct  Extremely  few  traces 
of  quartz-reefs  are  to  be  seen  on  cursory  inspection,  but  the  country  is  closely  covered 
by  cotton  soil  and  by  great  accumulation  of  haematite  derived  from  the  great  beds 
of  haematitic  jaspery  quartzite  which  occur  so  numerously.  I  followed  the  Dharwar 
rocks  from  the  valley  of  the  Malprabbha  at  Sangoli  southward  to  Tegor,  and  thence 

south-eastward  to  Dharwar  town.  The  schists,  argillites 
and  haematitic  bands  continue  all  the  way,  and  as  far  as 
the  eye  can  reach,  on  either  side  of  the  road.  The  schistose  rocks  are,  in  their  ap- 
pearance, 80  utterly  unlike  the  gneisses  and  granites  flanking  the  great  bands,  that  it 
is  generally  very  easy  to  recognize  the  character  of  hills  and  ridges  when  seen  in  strong 
sun  light  from  distances  of  many  miles  even,  more  especially  when  the  ridges  are 
continuous.  The  extreme  bareness  of  vegetation  of  most  of  the  ridges  also  greatly 
facilitates  the  recognition  of  geological  features  from  long  distances.  The  northern 
part  of  the  Dharwar-Shimoga  band  forms,  roughly  speaking,  the  western  boundary  of 
the  great  black  plain,  the  regur  flat  of  Dharwar  District  From  Dharwar,  I  followed 
the  band  down  to  Hubli,  and  from  high  ground  there  could  see  it  extending  miles 
away  to  the  .S.S.E.  Newbold  describes  a  great  schistose  band  crossed  by  him  in 
travelling  from  Sirci  (N.  Canara)  to  Gadag  (Guddnck).;  this  can  only  be  the  exten- 
sion of  the  Dharwar-Shimoga  band.    At  Harihar  it  crosses  the  Tungabhadra,  and 

from  here  I  have  either  followed  it  personally  or  traced  it 

bhadr"i!*  ^  *^^  ^""^*'     ^y  ^^  ^>'®  "*  unmistakable  beds  over  by  far  the  greater 

part  of  the  area  wh«ch  I  have  represented  it  as  occupying. 
Some  p>arts  of  it  I  have  coloured  in  as  of  Dharwar  age,  from  the  conviction  that  the 
beds  I  have  crossed  and  identified  as  forming  the  northern  ends  of  great  ridges,  ^ill 
assuredly  be  found  to  extend  as  far  as  those  ridges  are  seen  to  stretch  without  any 
change  in  their  physical  characters  and  appearance.  The  excellent  delineation  of 
the  topographical  characters  of  such  ridges  in  the  i-inch  maps  of  the  Topographical 
Survey  of  Mysore,  assures  me  that  my  inference  of  such  extensions  of  the  Dharwar 
rocks  is  quite  justifiable,  and  I  feel  assured  that  my  infereiK^es  will  be  confirmed. 
This  is  specially  the  case  with  the  tract  lying  between  the  Tunga  and  the  Bhadra 
rivers.    Of  the  southerly  extension  and  strike  of  the  Dharwar  rocks  in  the  great 

ridges  south  of  Kumsi  there  can  be  no  doubt  As  seen 
from  the  Honnahatti  hill,  near  Lakki-valli,  the  same  charac- 
ters of  the  continuous  ridges  is  seen  to  extend  far  to  the  southward,  and  the  same 
continuous  character  of  orographic  feature  strikes  the  eye  forcibly  when  looking 
south-westward  from  Kalhattigiri  peak  on  the  Bababuden  mountain.  Unless  the 
topographical  features  of  the  mountains  around  Kalasi  peak  are  utterly  misleading, 
and  from  my  experience  of  the  remarkable  agreement  of  topographical  feature  and 
geological  formation  over  very  great  part  of  Mysore,  I  cannot  believe  that  to  be  the 
case,  the  Dharwars  extend  far  southward  of  what  I  have  indicated,  and  form  the 
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great  mass  of  Ballalraiyandnig^  and  extend  still  further  south,  down  into  the  low 
country  of  South  Canara. 

The  representation  I  have  given  of  the  Dharwar  rocks  around  the  Honnali,  Sau- 
Gneissicinliersinthe     ^^"^'  Shiittoga  and  Tarikere  gneissic  inliers   is,  I  feel 
central    part    of     the     convinced,  a  near  approximation  to  the  truth.    The  eastern 
*^*"^'  part  of  the  north  boundary,  and  the  southern  boundary  of 

the  Honnali  gneiss  inlier,  I  lay  down  from  actual  survey.  The  eastern  boundary  is 
formed  by  bold  hills  whose  western  base  must  coincide  very  nearly  with  my  lines. 
Of  the  Shimoga  inlier,  I  have  followed  more  than  half  the  boundary  lines,  and  the 
same  was  the  case  with  the  Tarikere  inlier.  To  the  east  of  the  Shimoga  inlier,  I 
think  it  possible  that  an  inlier,  or  some  small  inliers,  may  occur  between  Channagiri 
and  Tarikere,  and  so  also  with  regard  to  the  tract  between  Belur  and  Banavar  fur- 
ther to  the  south :  but  this  is  merely  a  surmise. 

To  the  west  and  east  of  Hassan,  I  have  shown  two  narrow  bands  of  Dharwar  rocks 
extending  southward,  neither  of  which  I  had  the  opportunity  of  following  to  its  extre- 
mity. Of  the  extension  of  the  western  band  I  could  not  form  any  opinion ;  that  of 
the  eastern  band  will,  I  expect,  be  found  running  down  nearly  to  the  Cauvery. 

From  the  very  rapid  character  of  my  journeying  over  the  central  part  of  the 
Dharwar-Shimoga  schist  band  (the  Honnali  gold-field  excepted  0  the  information  I 
gathered  was  necessarily  fragmentary,  but  nevertheless  it  throws  much  light  on  the 
petrographical  structure  of  the  band,  and  is  therefore  worthy  of  record,  and  I  will 
give  my  observations  in  geographical  order  proceeding  from  north  to  south. 

At  Harihar  the  Dharwars  are  greatly  masked  by  the  alluvium  of  the  Tungabhad- 
ra,  and  by  the  almost  ubiquitous  cotton  soil;  Large  banks  of  coarse  shingle  occur 
both  north  and  south  of  the  town.  Underlymgthe  shingle,  schist  crops  up  at  intervals 
along  the  road  to  Mall^-Bennur.  South  of  the  Haridra  (the  little  river  which  has 
been  dammed  back  to  form  the  great  Sulekerra  tank),  a  considerable  show  of  con- 
temporaneous trap  appears  through  the  cotton  soil  spreads. 

At  Mall6-Bennur  a  remarkable  bed  of  coarsely  brecciated  quartzite  makes  a 
At  MalU  B  ^^^  show,  forming  a  conspicuous  ridge  which  has  been 

utilized  to  form  great  part  of  the  bund  of  a  small,  but  deep 
tank.  South  of  the  tank  the  breccia  bed  runs  up  into  and  forms  the  backbone  of  a 
much  more  important  ridge.  It  becomes  increasingly  hsematitic  and  less  and  less 
brecciated  as  followed  southward.    The  dip  of  this  bed  is  eastward. 

Underlying  this  brecciated  hsematitic  band  is  a  considerable  thickness  of  chloritic 
schists,  in  the  upper  part  of  which  are  many  laminae,  and  small  nests  of  crystalline 
limestone.  A  very  good  show  of  gold  was  found  on  washing  the  sand  of  a  small 
stream  which  flows  into  the  tank  from  the  western  slope  of  the  ridge  just  mentioned. 
The  gold  is  probably  derived  from  some  of  the  many  small  blue  quartz  veins  cutting 
the  chlorite  schist.  No  large  reefs  were  visible.  Underlying  the  schists  is  a  bed  of 
trap  apparently  of  contemporaneous  origin.  To  the  west  of  the  trap  flow,  but  not 
seen  in  contact,  is  a  quartzite  so  much  altered  by  crushing  and  weathering  that  it 
has  in  parts  assumed  quite  a  gneissoid  appearance.    This  is  followed  downwards 

'  Th^  Honnali  gold-field  so  called,  which  formed  the  western  extremity  of  my  traverse 
across  Mysore  in  1881, — lies  along  the  south  side  of  the  Honnali  gneiss  inlier.  The  two  princi- 
pal mines  that  have  been  opened  in  it  are  those  of  Kudri  Konda  and  Palvanhalli. 
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(stratigraphically)  by  a  thick  band  of  dark  schist,  chiefly  argillitic,  which  in  its  turn 
is  underlaid  by  a  great  thickness  of  pale  green  and  grey  schists  of  variable  character, 
but  chiefly  chlorito-micaceous.  Small  beds  of  quartzite  are  intercalated  here  and 
there,  and  veins  of  white  and  pale  bluish  quartz  are  numerous  but  very  inegular  in 
size  and  shape.    These  beds  form  the  main  mass  of  the  Hanuman-betta  hill  group. 

The  schist  series  here  makes  a  great  curve,  the  western  part  trending  west  and 
crossing  the  Tungabhadra  some  1 5  miles  to  the  westward,  while  the  south-eastern 
part  trends  south,  and  may  equally  be  followed  by  the  eye  for  many  miles,  forming 
very  considerable  hills  and  ridges. 

Oa  getting  down  to  the  low  country  at  the  south  end  of  the  ghat  leading  to 

Honnali,  an  inlier  of  granite  gneiss  is  reached  which  occu- 
inlfen    "^""^*  ^"^'"     pies  the  greater  part  of  the  valley  of  the  Tungabadra,  between 

the  town  and  the  gold-field  known  as  the  Honnali  gold- 
field.  The  western  extension  of  the  beds  which  cross  the  Tungabhadra  north  of 
Honnali  town  forms  a  band  of  hills  of  considerable  importance  which  can  be  seen 
to  stretch  away  north-westward  for  a  great  distance. 

The  south-west  side  of  the  inlier  is  bounded  by  a  great  fault  by  which  the  gneissic 
rocks  have  been  brought  up  and  exposed  over  a  large  area  by  the  erosion  of  the 
Dharwar  beds  which  formerly  covered  them.  The  fault  extends  along  the  whole  south- 
western side  of  the  inlier  and  crosses  the  Tungabhadra.  I  did  not  follow  the  fault 
across  the  river.  The  eastern  boundary  of  the  inlier,  like  the  northern  one,  is  a  true 
erosion  boundary. 

The  belt  of  country  on  the  south-west  side  of  the  inlier  which  constitutes  the 

Honnali  gold-field  was  carefully  examined  by  me  in  1881, 
1  go  -  e  .  ^^^  ,^  p^^  re-examined  last  year.  The  northern  part  of  the 
belt  is  occupied  by  a  great  thickness  of  chloritic  schists,  underlaid  to  the  south  by  a 
great  mass  of  quartzites  and  conglomerates  with  some  argillites.  These,  from  their 
superior  hardness,  have  been  much  less  denuded  than  the  chloritic  beds  and  form, 
especially  in  the  north-west  part  of  the  belt,  hilly  ridges  of  considerable  height.  The 
Honnali  gold-field  is  divided  by  the  Nyamti  nullah  into  divisions  of  pretty  equal  length 
and  breadth,  which  may  be  conveniently  called  the  Kudrikonda  and  Palvanhalli 
divisions,  after  the  two  important  gold  mines  which  have  been  already  opened  on 
them,  the  former  to  the  west,  the  latter  to  the  east,  of  the  Nyamti  nullah. 

In  the  Kudrikonda,  or  western  division,  chloritic  schists  only  show  in  the  plains, 
but  in  the  eastern  division,  east  of  Palvanhalli  mine,  numerous  intercalated  quartzites, 
quartzite  sandstones,  and  gritty  beds  appear,  and  rise  into  good-sized  hills  as  they  are 
followed  eastward.  The  great  contortion  these  beds  have  undergone  has  caused 
considerable  local  metamorphism,  and  the  true  detrital  character  of  the  gritty  beds 
js  in  many  places  not  apparent ;  where,  however,  they  are  coarse  in  texture,  and 
approach  in  character  to  pebbly  beds,  their  true  origin  can  be  recognized  at  once. 
This  is  the  case  also  with  regard  to  the  great  beds  of  conglomerate  and  flaggy 
quartzite  in  the  lofty  Kalwa-Rangan-betta  ridge  which  forms  the  south  side  of  the 
Kudrikonda  division  of  the  gold-field. 

To  the  south  of  the  Kalwa-Rangan-betta  ridge,  lies  another  inlier  of  gneiss  of 

considerably  smaller  area  than  the  Honnali  inlier  just  refer- 
The  Saulonga  inlier.       ^^^  ^^     j^  appears  to  Owe  its  origin  to  an  important  fault 
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running  north-west  along  its  southern  boundary,  and  somewhat  parallel  with  the  great 
fault  which  forms  the  south-west  side  of  the  Honnali  inlier.  Owing  to  the  thickness 
of  the  soil  and  extensive  jungle,  the  gneissic  rocks  are  but  little  seen  at  the  eastern 
end  of  this  inlier  where  crossed  at  Saulonga  by  the  high  road  from  Honnali  to 
Kumsi.  Near  the  centre  of  the  inlier  however,  some  small  rocky  hills  of  granite 
gneiss  show  up  sufficiently  to  be  recognized  from  the  top  of  Kalwa-Rangan-betta. 
Any  one  not  having  seen  these  might  easily  cross  the  inlier  at  Saulonga  without 
becoming  aware  of  its  existence. 

The  Dharwar  rocks  are  very  little  exposed  in  the  Kumsi  hills  which  lie  south  of 
this  Saulonga  gneiss  inlier,  owing  to  the  dense  forest  covering  them,  but  the  shape 
of  the  hills  clearly  indicates  the  continuance  westward  of  the  beds  which  form  the 
hilly  tract  along  the  northern  side  of  the  Shimoga  gneiss  inlier,  the  largest  of  the 
whole  group  of  four  forming  such  a  striking  geological  feature  in  the  north-western 
comer  of  the  Mysore  territory.  At  the  north-western  end  of  the  inlier,  some  of  the 
beds,  which  in  the  Kumsi  hills  have  an  east-to-west  strike,  trend  south-westward 
and  form  the  great  ridges  forming  the  Shankar-gudda  and  Kormur-gudda  hills, 
which  may  be  seen  to  extend  for  many  miles  southward.  Another  part  of  these 
beds  trends  north-west  in  the  direction  of  Sorab,  but  they  have  not  been  followed 
beyond  a  point  a  little  to  the  north-east  of  Anantapur. 

South  of  the  Saulonga  inlier  lies  a  very  much  larger  one,  in  the  centre  of  which 

stands  the  town  of  Shimoga,  the  south-western  boundary  of 
The  Shimoga  inlier.  ^j^.^j^  jg  ^j^^  ioxmtdi  by  one  or  more  faults  running  north- 
west to  south-east,  which  are  very  apparent  even  on  cursory  examination,  but 
the  extremities  of  the  fault  line  are  obscure,  owing  to  the  extensive  jungle  pre- 
vailing to  the  south  of  Kumsi  and  north-west  of  Tarikere.  To  the  south  of  the 
inlier  occurs  the  promising  auriferous  locality  known  as  Honnahatti,  where  some 
noteworthy  old  workings  were  found  by  me  in  chloritic  schists  traversed  by 
well-marked  quartz  reefs.  The  chloritic  schists  strike  north-west  to  south-east 
with  a  steep  dip  to  the  north-east.  The  Honnahatti  workings  stand  on  the 
narrow  strip  of  the  Dharwar  rocks,  which  separates  the  Shimoga  inlier  from  the 
Tarikere  inlier,  the  last  and  most  southerly  of  the  group  of  four.  Washings  in  the 
small  stream  draining  the  south  side  of  Honnahatti  gave  very  fine  shows  of  gold.  ^ 

*  Note. — A  special  feature  demanding  notice  in  the  western  half  of  the  Shimoga  inlier,  and 
still  more  striking  over  the  gneissic  tract  of  the  Dharwars  near  Anantapur  is  the  development 
of  lateritic  rock  which  covers  the  surface  almost  ubiquitously  and  to  considerable  depth,  render- 
ing it  extremely  difiRcult  to  find  any  outcrop  of  the  underlying  older  rock.  I  have  not  attempted 
to  show  the  laterite  on  my  map  separately  from  the  gneiss  on  which  it  mainly  lies,  as  my  brief 
visit  to  this  north-west  corner  of  Mysore  did  not  afford  me  time  to  determine  the  relationship 
between  the  rocks.  I  did  not  see  enou^rh  of  the  laterite  to  feel  satisfied  as  to  its  being  of  true 
detrital  origin  or  merely  a  product  of  weathering,  as  is  much  of  the  laterite  on  the  southern  parts 
of  the  Deccan  trap  described  in  my  South  Mahratta  Report  (Memoirs,  Geological  Survey  of  India, 
Vol.  XII,  1876).  The  laterite  which  I  am  (so  far  as  my  observation  goes  up  to  the  present) 
inclined  to  regard  as  formed  by  weather  action,  constitutes  a  nearly  uniform  cover  to  the 
whole  country,  whether  it  be  flat  or  hilly,  with  a  generally  pale,  reddish,  more  or  less  clayey 
surface,  which  affords  but  little  nourishment  to  vegetation.  The  grasses,  especially  seem  to 
thrive  very  badly  and  are  very  coarse  in  quality,  a  chief  reason  probably  why  cattle  and  sheep 
succeed  so  badly  in  the  Malanad,  as  the  forest  clad,  western  portion  of  Mysore  is  locally 
designated  by  the  natives. 
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The  existence  of  a  great  fault  along  the  south-westem  boundary  of  the  Tarikere 

gneiss  inlier  has  not  been  proved,  but  I  have  no  doubt  it  will 
inlierf     ^^^  ^^^  gneiss     ^^  shown  to  exist  whenever  the  country  may  be  geologically 

surveyed.  The  rocks  are  very  little  exposed  either  in  the 
area  of  the  inlier  or  in  the  ridges  of  Dharwar  age  which  surround  it  Extensive  jungle 
and  great  spreads  of  soil  effectually  hide  the  rocks  in  most  places  east  of  the  Tari- 
kere inlier ;  a  change  takes  place  in  the  nature  of  the  country  ^  the  great  jungles  are 
met  with  no  longer,  and  the  slopes  of  the  hills  being  exposed  to  unchecked  denuda- 
tion, show  an  abundance  of  outcrops  of  all  kihds. 

Along  the  south  side  of  valley  running  eastward  of  Tarikere  are  numerous  out- 
crops of  quartzite  with  schists,  and  near  the  eastern  end  of 
merates  "^  Conglo-  ^j^^  valley  appear  great  outcrops  of  an  extraordinary  conglo- 
merate of  extreme  coarseness.  The  pebbles,  often  approach, 
ing  in  size  to  small  boulders,  consist  of  granite  or  compact  granite  gneiss  cemented 
together  in  a  foliated  chloritic  matrix.  The  beds  culminate  in  a  considerable  hill, 
called  the  Kaldrug  in  the  Indian  Atlas  (sheet  57),  which  presents  a  most  rugged 
appearance.  The  beds  east  of  the  conglomerate  are  largely  quartzites  which  form  a 
high  ridge  with  a  great  cliffy  scarp  on  the  eastern  face  of  *'  Coancancul "  peak  (Atlas 
sheet  No.  60).  East  of  these,  again,  comes  a  great  thickness  of  pale  chloritic  schists-^^* 
These  schists  extend  north  of  the  Tarikere  valley,  and  form  the  hills  north-west  of3 
Ajimpur,  and  extending  up  to  and  beyond  Chiranhalli,  where  washings  in  the  smalW 
streams  cutting  across  them  yielded  very  satisfactory  indications  of  gold.  The  con — 
glomerate  beds  appear  also  to  be  represented  on  the  north  side  of  the  Tarikere  valley, 
for  a  long  line  of  excessively  rugged  outcrops  shows  to  the  west  of  the  schistose  band 
in  a  strictly  corresponding  position.  The  Chiranhalli  pale  chlorites  are  largely  mix 
with  pale  talcose  schists,  both  of  which  rocks  contain  very  numerous  crystals,  mostl 
small,  of  cubical  iron  pyrites,  and  further  numerous  octahedra  of  magnetic  iron- 
These  latter  are  locally  distributed. 

To  return  to  the  west  end  of  the  Tarikere  valley,  a  large  development  of  chloritic 

schists  occurs  extending  southward  for  a  considerable  dis- 
tance. South  of  these,  and  underlying  (?)  them,  come  great 
thickness  of  trap  flows,  which  form  great  part  of  the  great  Sanlaveri  spur,  joining  the 
lofty  Dodda  Bala  Sidderu  mountain  (5,136  feet  high)  with  the  yet  higher  mass  of  the 
Bababuden  mountains,  which  here  attain  an  elevation  of  6,155'  in  the  Kalhaitigiri 
peak.  The  trapflows  are  disposed  in  a  very  flat  anticlinal  curve,  and  to  the  west  are 
seen  to  be  overlaid  by  a  great  thickness  of  dark  schists  (?  argillites)  with  haematitic 
bands  and  quartzites  overlying  them  again.  These  schistose  beds  are  splendidly  expos, 
ed  in  the  great  scarp  which  runs  all  along  the  eastern  side  of  the  Bababuden  mountains 
from  north  of  Kalhattigiri  to  south-west  of  Mallaingiri,  the  most  southerly  peak  of 
the  mass  (6,317')  and  the  highest  point  in  Mysore  State. 

To  the  south  of  Chik  Magalur,  and  again  to  the  south-west  of  the  Sigegudda 

n  ^  I.  J      ^        mountain,  north-west  of  Hassan,  the  basement  bed  of  the 

Basement  beds  n€ar  *  ,,  ,,,  .... 

Chik     Magalur      and      Dharwar  system  is  formed  by  pebbly  quartzites  dipping  north- 

Sigegudda,  and  north-east  respectively.  The  latter  beds  are  seen  to  extend 

southward  along  the  western  side  of  the  narrowing  band  of  Dharwars  described 
above  (page  45)  as  running  north-westward  of  Hassan.    Quartzites  overlaid  by 
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schists  form  the  narrow  band  of  Dharwars  which  run?  south  from  near  HarnhalU 
close  to  Narsapur,  and  constitutes  the  southern  extremity  as  far  as  yet  known  of  the 
Dharwar-Shimoga  band. 

II. —  The  Damhal — Chiknayakkanhalli  Band. 

As  in  the  case  of  the  Dharwar-Shimoga  band,  the  northern  extremity  of  this 
tract  of  Dharwar  rocks  is  very  badly  seen,  owing  to  the  vast  waste  spreads  of  cotton 
soil  which  cover  the  great  plain  forming  the  eastern  half  of  the  Dharwar  District. 
The  only  exposures  of  any  importance  of  the  Dharwar  rocks  in  this  part,  are  beds 

of  schist  and  haematite  in  the  scarps  of  the  Nargund  and 
andS'NarJL^nl^^         Chick  Nargund  hills  below  the  cappings:  of  quartzite  of 

the  Kaladgi  series  (Kadapas)  which  form  the  summit 
plateaus  on  both  hills  and  rest  on  the  Dharwar  beds  in  the  most  marked  uncon- 
formity. The  Dharwar  beds  are  upturned  at  high  angles  and  dip  50** — 70**  east 
by  north  in  the  N^gund  hill,  the  quartzite  capping  of  which,  a  finely  scarped 
plateau,  is  approximately  horizontal.  At  Chick  Nargund  the  quartzite  capping 
has  a  dip  northward,  while  the  schist  beds  on  which  it  rests  have  a  strong  dip  to 
east  by  norths 

Nearly  equidistant  from  the  two  Nargund  hills  to  the  westward,  a  patch  of  con- 
.  ^      g  temporajieous  trap  rises  above  the  cotton  soil  surface  and 

forms  a  blocky  ridge  about  3  miles  long  by  half  to  three- 
quarters  of  a  mile  wide.    The  rock  is  a  diorite  (?^  of  dark  greenish  colour. 

I  did  not  follow  the  band  up  from  Nargund,  but  marched  south-west  to  Naulgund 
. ....  where  there  is  a  hill  capped  by  a  smgular  inclined  plateau 

'  of  a  rock  which  may  be  a  quartzite,  very  highly  metamor- 

phosed, but  may  also  represent  a  run  of  the  brecciated  quartz  which  occurs  so 
commonly  in  the  granite  gneiss  area,  adjoining  and  throughout  the  granitoid  areas  of 
the  Ceded  Districts.  The  plateau  inclines  to  the  north  at  an  angle  of  about  45^ 
which  is  a  lower  dip  by  far  than  observed  elsewhere  in  any  quartz  run  of  unques- 
tioned character, — still  on  the  petrographic  evidence  of  the  rock  itself  it  appears 
rather  to  be  such  a  quartz  run,  greatly  depressed  by  some  local  faulting,  or  other, 
than  an  altered  quartzite  of  the  Dharwar  system.  No  exposure  of  the  Dharwars 
was  observed  by  me  in  the  bed  of  the  Bennihalla,  the  large  stream  which  after 
draining  this  region,  falls  into  the  Malprabbha  near  Badami  town.  Whether  any  out- 
crops of  the  rocks  occur  between  the  Bennihalla  and  the  northern  extremity  of  the 
Dambal  hills  near  Gadag  (Gudduck)  is  uncertain ;  but  there  is  every  reason  to 

suppose  that  a  strong  band  of  them  exists  under  the  cotton- 
^ChioriUc  schists  near      g^j^  gp^^ad,  for  a  great  thickness  of  chloritic  schists  rises 

out  of  the  plain  already  a  little  to  the  north  of  the  high  road 
leading  from  Gadag  (Gudduck)  to  Hubli.  South  of  the  road  two  great  bands  of 
haematite  schist  stand  out  conspicuously  among  the  other  softer  schistose  rocks,  and 
may  be  followed  continuously  for  ten  or  twelve  miles  south-eastward. 

Further  south,  another  apparently  underlying  haematite  band  with  associated 

chloritic,  hornblendic,  micaceous  schists  and  crystalline 
6eW.      *^*"™*'**  ^*^*°"     limestones  forms  an  anticlinal  arch  and  is  overlaid  to  the 

westward  by  another  haematitic  band,  and  this  again  by  two 
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others  with  associated  argillites  of  reddish-buff  or  mottled  whitish  colours.  These 
are  greatly  affected  by  cleavage,  which  completely  obscures  the  bedding  in  many 
places,  and  renders  their  stratigraphical  relations  to  the  rocks  next  succeeding  to 
the  westward  very  problematic.  This  next  series  consists  of  chloritic  and  hom- 
blendic  beds  intimately  associated  with  a  massive  dioritic  (?)  rock,  probably  a  con* 

temporaneous  taip,  which  covers  a  belt  of  country  some  4 
p   ow.  ^^  ^  miles  wide,  and  abuts  to  the  westward  against  the  gra- 

nite gneiss  which  here  forms  a  broad  band  extending  westwards  till  it  is  overlaid 
by  the  eastern  edge  of  the  Dharwar-Shimoga  band  near  Luxmaishwar,  as  described 
by  Newbold.^  The  two  most  westerly  beds  of  the  haematite  series  form  the  mass  of 
the  Kappatgode,  the  centre  and  highest  point  of  the  plexus  of  hills  which  occupies 
the  southern  part  of  the  gold-field.* 

The  auriferous  nature  of  the  rocks  of  the  Dambal  gold-field  has  long  been 

^,        .,  .         known,  and  the  surface  of  several  of  the  quartz  reefs  been 

The  auriferous  reefs.        .1.,.  ^  t  -  a      r^  \a 

broken  up  by  native  mmers  at  some  former  penod.    Gold 

washing  is  still  followed  by  a  few  "  Jalagars,"  professional  gold  washers,  particularly 
in  the  larger  streams  rising  on  the  area  occupied  by  the  contemporaneous  trap 
above  mentioned.  The  two  largest  nullahs,  known  respectively  as  the  Surtur  and 
Dhoni  nullahs,  from  the  principal  villages  near  which  they  flow,  are  the  richest  in 
gold  sand.  The  quantity  of  gold  obtained  is  small,  too  small  indeed  to  tempt  many 
to  engage  in  washing  for  it.  Quartz  reefs  occur  in  all  parts  of  the  gold-field,  but 
those  found  in  the  western  part  among  the  chloritic  and  argillaceous  schists  adjoin- 
ing the  trap  area,  are  the  best  defined,  and  have  received  most  attention  from  the  old 
miners.  They  are  doubtless  the  principal  source  of  the  gold  obtained  there.  The 
.  only  reef  from  which  I  obtained  free  gold  was  one  of  this 

set.  It  lies  on  the  eastern  slope  of  a  ridge  about  8  miles 
due  west  of  Dambal,  and  has  a  north  by  west,  south  by  east  course,  with  a  hade 
of  from  40^  to  50^  east,  and  is  about  half  a  mile  long. 

A  few  small  excavations  hardly  worthy  of  the  name  of  pits  had  been  sunk 
along  the  eastern  side  of  the  reef  at  some  time  prior  to  my  visit,  but  I  could  not 
obtain  any  satisfactory  information  as  10  whom  they  had  been  sunk  by.  As  already 
mentioned,  I  obtained  no  gold  from  any  of  the  other  reefs,  and  the  indications  of 
gold  from  washings  in  the  streams  draining  the  sites  of  the  other  groups  of  reefs  to 
the  eastward  of  the  Kappatgode  hill  were  far  from  encouraging. 

The  quartz  of  the  Hattikatti  reef  from  which  I  got  the  specimen  of  free  gold, 

and  of  the  majority  of  the  reefs  throughout  was  of  the  ordi- 

stained  in  parts.  The  group  of  reefs  occurring  south  of  the 
village  of  Dhoni  on  the  east  side  of  the  Kappatgode '  differs  from  all  the  others  in 
consisting  of  distinctly  bluish,  or  deep  grey,  diaphanous  quartz,  with  a  few  enclosed 
scales  of  white  or  pale  mica. 

'  In  his  paper  on  the  Geology  of  the  South  Mahratta  Country,  and  elsewhere. 

'  A  more  detailed  account  of  the  rocks  forming  the  Dambal  will  be  found  in  Part  4, 
Vol.  VII  of  the  Records,  Geological  Survey  of  India,  1874,  in  my  paper  on  the  Auriferous 
Rocks  of  the  Dambal  Hills,  Dharwar  District. 

'  Shown  in  the  map  accompanying  my  paper  referred  to  above. 
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The  reefs,  excepting'thatofHattikatti,  and  two  others  a  little  distance  to  theS.W., 
showed  no  sulphides  of  any  kind,  and']  those  three  yielded  only  a  very  few  cubical 
crystals  of  iron  pyrites.  The  argillites  and  chloritic  schists,  however,  show  great  quanti- 
ties of  cubical  crystals  of  that  mineral  converted  into  limonite  by  pseudomorphism. 

The  different  members  of  the  Dharwar  system  occurring  in  the  Dambal  area 
are  seen  to  extend  far  south  in  the  band  of  hills  stretching  away  down  lo  the  valley 
of  the  Tungabhadra,  which  they  cross  and  re-appear  on  the  south  side  in  the  Had- 
dagalli  taluq  of  the  Bellary  District.  The  intermediate  part  of  the  band  has  not 
yet  been  examined,  but  being  very  bare  of  vegetation  it  is  very  easy  to  see  the  dis- 
position of  the  outer  beds  on  either  side  from  a  moderate  distance.  To  the  east  of 
the  band,  the  beds  there,  as  further  north  near  Gadag,  are  faulted  against  the  granite 
gneiss,  the  downthrow  being  on  the  west  side  of  the  fault.  The  fault  crosses  the 
Tungabhadra  and  runs  on  for  some  4  miles,  when  it  is  crossed  or  joined  by  another 
fault,  running  nearly  east^north-east  to  west-south-west,  and  is  no  longer  traceable  to 
the  southward. 

To  the  west  of  Dambal  town  the  band  of  Dharwar  rocks  is  fully  13  miles  wide, 

but  it  narrows  greatly  as  it  approaches  the  Tungabhadra, 
gorje  seTtlSr^*"*^'*        ^^ing  a  little  less  than  5  miles  across  in  the  gorge  of  the 

river.  The  section  here  seen  shows,  when  followed  from 
east  to  west,  the  following  series : — 

10  Hornblendic  schists. 
9  Hornbleodic  trappoid. 
8  Cootemporaneoas  trap. 
7  Trappoid. 

6  Flaggy  haematitic  quartzite. 
5  Boulder  conglomerate. 
4  Contemporaneous  trap. 
3  Schists  and  argillites. 
2  Haematitic  schists. 
I  Hornblendic  Trappoid. 

Of  these  the  conglomerate  is  the  most  noteworthy  because  of  its  extreme  coarse- 
ness, many  of  the  boulders  included  being  more  than  i  j  foot  in  diameter.  The 
conglomerate  is  very  little  altered,  apparently,  and  boulders  which  have  weathered 
out  are  perfectly  smooth  and  water-worn.  None  were  seen  showing  any  striations 
on  groovings. 

The  hornblendic  schists  seen  at  the  eastern  end  of  the  gorge  section  extend 

southward,  and  appear  to  form  the  backbone  of  the  high 
band^nto^M^'^re/  ^^^     "^^^   forming   the  bold  Bettada  Mallapan  Gudda.    The 

extension  of  the  beds  forming  this  ridge  may  be  clearly 
traced  by  the  eye  for  a  long  distance  south-east.  The  ridge  sinks  down  as  it  ap- 
proaches the  valley  of  the  Chinna  Haggari,  south-east  of  which  detached  hills 
of  schistose  rock  indicate  the  continuance  of  the  Dharwar  band  up  to  and  across 
the  Mysore  frontier.  Another  ridge  of  hills  rises  here  and  connects  the  Dharwars 
of  Harpanhalli  taluq  with  those  around  Jagulur. 

A  few  miles  south  of  Jagulur  occurs  another  auriferous  tract  that  yielded  highly 

promising  quantities  of  gold  on  washing  the  sands  of  two 
^^Honnamaradi    gold-     streams  rising  on  the  west  and  east  sides  respectively  of  the 

little  hill  lying  north  of  Honnamaradi.    The  hill  consists  of 
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drab  or  yellowish  gritty  schist  passing  into  argillite  fai  parls,  ob  the  south-western 
side  of  which  sevenJ  medium  sized  reefs  of  quartz  appear  running  nearly  north  and 
south.  Immediately  east  of  the  Honnamaradi  (golden  hill),  the  gneissic  rocks  are 
seen  with  an  apparently  faulted  boundary  in  between.  On  the  bank  of  a  small 
nullah  which  flows  south,  a  couple  of  hundred  yards  to  the  east  of  the  hills  are 
the  remains  of  some  large  dumps  where  the  old  jalagars  had  evidently  washed  the 
sands  for  a  considerable  time.  A  washing  of  ^'  dirt "  from  the  bed  of  the  nullah 
gave  a  handsome  show  of  gold,  of  good  grain  and  excellent  colour ;  while  a  washing 
from  the  little  rivulet  flowing  from  the  western  side  yielded  a  rich  show  of  very 
coarse  gold  of  the  highest  quality. 

No  gold  was  seen  in  siiu^  but  there  is  every  reason  to  believe  it  came  from  the 
reefs  above  referred  to,  as  the  streams  in  which  the  washings  were  made,  especi- 
ally the  western  one,  have  such  very  short  courses  that  they  could  not  have  brought 
ttieir  gold-supply  from  any  great  distance.  West  of  the  sclust  beds  forming  the 
Honnamaradi  hill  and  the  tract  westward  of  it,  appears  an  underlying  bed  of 
jaspideotts  quartzite  which  has  been  tremendously  brecdated  by  some  obscure 
cause.  The  rock  weathers  (tf  a  very  dirty  dark  colour,  nearly  black  in  many  places, 
and  is  often  very  obscure  in  character  aitd  hard  to  determine.  The  breccia 
character  becomes  obvious  only  when  the  enclosed  jaspideous  pieces  are  paler  than 
the  mau-ix. 

West  of,  and  underlying  the'brecciated  quartzite  is  a  great  development  of  con- 
temporaneous black  trap  (diorite  ?  )  which  extends  south- 

fine  Goeshwar  hill,  the  loftiest  hill  in  the  band  northward  of 

Chitaldrug. 
Proceeding  southward    still,  we    come  to   the  Kotemaradi    auriferous  tract, 

which  consists  of  a  great  bed  of  chloritic  schists  overlaid  by 
field.  ^'^""^       ^^  quartzites,  and  these  again  by  a  thick  series  of  other  schists, 

the  lower  beds  being  argillites.  Traces  of  a  contempora- 
neous trap  show  along  the  western  basement  of  the  Dharwars. 

Quartz  reefs  are  rare  or  else  covered  up  by  the  extensive  talus.  The  only  one 
of  any  size  seen  was  a  good-looking  one  of  bluish  quartz  running  through  chloritic 
schist  at  foot  of  the  western  slope  of  the  southernmost  of  the  three  big  hills  which 
rise  northward  of  the  little  Kotemaradi  hill.  The  reef  is  just  north  of  the  stream 
draining  the  western  slopes  and  close  to  some  old  workings  of  small  extent. 

The  quartzites  on  the  Kotemaradi  are  of  no  great  thickness,   and  are  locally 

much  altered,  nearly  converted  in  many  parts  into  true 
soSre  of  gow!  '^°^'**^^®      quartz,  and  generally  permeated  by  large  numbers  of  small 

quartz  veins.  It  will  be  curious  to  ascertain,  as  doubtless 
there  will  ere  long  be  opportunities  of  doing,  whether  this  altered  quartzite  contains 
any  gold.  It  is  certain  that  the  small  stream  draining  the  western  and  northern 
slope  of  the  Kotemaradi  carries  do>wn  a  notable  quantity  of  large  gold  of  excellent 
colour,  and  that  no  reefs  of  any  size  or  importance  show  through  the  extensive  talus 
covering  the  slopes. 

To  the  south  of  Kotemaradi,  the  Dharwars  form  a  small  bay  opening  to  the 
Chital  drug  granite  hill,     west,   at  the  southern  side  of  which  stands  the  old  town 
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of  Chitaldrug,  with  its  grand  old  granite  hill  capped  and  surrounded  by  a  noble 
fort  or  Drag,  formerly  one  of  the  centres  of  thi^  Bidars,  one  of  the  brarest  and  most 
indepeixdent  of  the  Hindu  tribes  in  ^e  Deccan. 

To  the  south  of  Chitaldrug  the  basement  bed  of  the  Dharwars  is  a  great  contem- 

!  nn  «di    tmo         poraneous  trap  of  great  thickness  and  extent  which  forms 
flow.  the  summit  of  the  Jogamaradi,  one  of  the  highest  moimtains 

Bclligudda   copper        Jq  jjjis  part  of  Mysore.    Overljdng  this  great  trap  formation 
™    '  is  a  great  thickness  of  schists,  some  of  which  form  the  Belli- 

gudda  (hill)  noteworthy  as  having  contained  some  considerable  pockets  of  copper  ore, 
which  were  exhausted  by  miners  of  whom  no  record  appears  to  exist.  The  ore 
mined  was,  as  far  as  can  be  judged  from  the  refuse  heaps,  an  earthy  malachite,  or 
carbonate  of  copper.  No  signs  of  a  lode  can  be  seen  running  through  the  clay-schist 
forming  the  Belligudda.  The  axis  of  the  -hill  is  a  hard  bed  of  jaspideous  hsematite 
quartzite  which  stands  nearly  vertical. 

To  the  south  of  the  Jogamaradi  mountain*  south  of  Chitakirug,  the  width  of  the 

great  band  is  nearly  doubled  by  the  junction  with  it  of  a 
hJ^tf^^^^^  ^^^        parallel  band,  which  commencing  somewhere  to  the  south  of 

Harpanhalli  ^  forms  the  Halekalgudda  and  some  other  hills 
east  of  Maya  Konda,  and  then  sweeps  into  the  main  band.  A  little  to  the  east  of 
the  junction,  the  Dharwar  beds  attain  their  greatest  elevation  in  this  part  in  a  peak  to 
which  the  Trigonometrical  surveyors  assign  a  height  of  3,863'  above  sea-level. 

The  geological  structure  of  this  side  band,  which  may  conveniently  be  called  the 
Halekalgudda  band,  shows  no  special  features  so  far  as  it  was  examined,  unless  it  be 
a  rather  greater  development  than  usual  of  gritty,  locally  conglomeratic  quartzites. 
With  these  are  associated  siliceous,  micaceous  and  chloritic  schists.  These  are 
underlaid  by  a  great  flow  of  dic^itic  trap  which  in  its  turn  is  underlaid  by  a  con- 
siderable thickness  of  schists.  Some  fine  quartz  reefs  cross  the  footpath  crossing  the 
hill  south-westward  from  Halekalgudda  village,  but  none  were  seen  near  it,  though  a 
good  show  of  gold  was  obtained  by  washing  near  the  north  end  of  the  hills.  Where 
the  highroad  from  Chitaldrug  to  Holal  Kere  crosses  the  southern  part  of  the  Halekal- 
gudda band  the  country  is  very  flat  and  much  obscured  by  thick  red  soil,  but  the 
connection  of  this  band  with  the  main  one  is  made  clear  by  the  existence  of  a  low 
ridge  formed  by  an  outcrop  of  a  purely  ferruginous  bed  of  haematitic  quartzite  which 
rises  rapidly,  both  to  the  north-west  and  south-east,  and  soon  becomes  an  important 
object  in  the  landscape. 

The  fine  views  to  the  south  obtained  from  the  tops  of  Belligudda  and  Joga- 
maradi show  the  Dharwar  rocks  extending  far  to  the  southward  in  great  force 
towards  the  great  gorge  by  which  the  Haggari  river  (locally  known  as  the  Varada) 
cuts  through  the  hills  of  the  Dambal-Chiknayakanhalli  band,  while  from  the  south 
from  the  highest  point  east  of  Chiknayakanhalli  town  the  beds  are  seen  to  range  con- 
tinuously northward  to  the  same  point  Though  not  traversed  as  yet  by  the  geolo- 
gical purveyors,  there  is  ample  evidence  as  to  the  existence  of  the  Dharwar  rocks 
between  the  known  tracts  near  Chitaldrug  and  Chiknayakanalli. 

• 

^  The  northern  extremity  of  this  side  band  has  not  yet  been  visited,  so  its  exact  position 
is  not  known.     It  extends  about  50  miles  in  length. 
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At  Chiknayakanhalli  we  come  again  npon  an  aariferoos  tract  which  is  frequentlj 

spoken  of  as  the  Chiknayakanhalli  gold-field.    On  Honne- 

haUi'gold  fieW.'**^^^*°"     ^^^  ^1''  ^  ^^^P^®  ^^  "^^^^^  sonth-east  of  the   town,  old 

workings  of  no  great  size  occur  just  within  the  boundary  of 
the  Dharwar  area.  The  reefs  occurring  here  are  not  promising  in  superficial  appear- 
ance, being  white  and  hungry-looking ;  but  the  quantity  of  gold  obtained  by  washing 
in  the  small  streams  flowing  down  the  hill  is  not  by  any  means  contemptible,  and 
deeper  prospecting  might  give  still  more  favourable  indications. 

The  basement  bed  is  here  a  quartzite  which  is  overlaid  by  a  thick  series  of 

schists,  hornblendic,  chloritic  and  micaceous,  occup3dng 

cliM^lf'*™^"'  ^'"  ^^""     ^^^  space  up  to  the  foot  of  the  hills,  where  they  are  over- 
laid by  argillites  and  a  great  thickness  of  haematitic  schists, 
locally  very  rich  in  iron.     The  weathering  of  the  highly  haematitic  schists  give 
rise  to  the  formation  of  subaerial  breccias  which  assume  a  lateritoid  appearance  from 
the  action  of  percolating  rain  water.   The  denudation  of  these  rich,  red  argillites  an 
haematites  gives  rise  to  the  formation,  further  to  the  south,  of  an  extensive  tal 
of  deep  red  soil. 

The  stratigraphical  position  of  the  main  ridge  east  of  Chiknayakanhalli 
to  be  an  elevated  synclinal,  but  the  eastern  side  shows  a  succession  of  formations  dis^ 
cordant  from  that  on  the  west,  and  there  may  very  probably  be  a  fault  runninj 
parallel  with,  but  a  little  east  of  the  axis  of  the  synclinal. 

About  half-way  down  the  eastern  flank  are  extensive  and  important  formations  ot 

sub-crystalline  limestone,  mostly  grey  in  colour,  and  witfcJ J 
stonesf^*'"^^'  ^^^y  numerous  siliceous  partings  in  the  form  of  quartzite 

which  here  and  there  attain  to  the  magnitude  of  distin 
beds.  These  limestones  must  be  several  hundred  feet  thick.  East  of  the  little  forti  £^ 
fled  temple  of  Dodrampur  they  are  underlaid  by  a  great  chloritic  schist  formation 
The  limestones  cover  a  large  area  stretching  away  south-east  from  the  main  ridge 
and  a  small  show  of  them  is  to  be  seen  on  the  west  side  of  the  mam  ridge,  jus  ^^ 
opposite  the  mouth  of  the  deep  gorge  east  of  Ballenhalli. 

To  the  south-west  of  Chiknayakanhalli  lies  a  branch  of  the  band  which  runs  north—  — 

west  some  14  or  15  miles  from  its  point  of  divergence  frons 
band.  ^"      *       ^^^^       ^^^   mzm  band.     Where  crossed  by  the  high  road   fronm 

Shimoga  to  Bangalore,  it  is  seen  to  have  a  great  flow  of  trap 
as  its  base,  on  which  rest  chloritic  and  other  schists  to  a  considerable  thickness.    To 
Kunigal-Huliyur-     ^^  south  of  the  point  of  divergence  just  referred  to,  the 
droog  extension  of  the     whole  band  trends  strongly  eastward,  and  keeps  on  the  left 
mam  ban  .  hdiVL\i  of  the  upper  course   of  the  Shimsha  river.    I    was 

unable  to  follow  it  up  east  of  the  Shimsha,  but  I  feel  convinced  that  the  Dharwars 
stretch  away  south-west  by  Kunigal,  and  then  south,  past  Huliyurdroog  and 
further  south,  narrowing  greatly  the  while,  across  the  Madras  railway.  The  hills 
stretching  away  south  of  the  Yadiyur-Kunigal  road  present  the  dark  colour  and  smooth 
appearance  so  characteristic  of  the  Dharwar  rocks  elsewhere,  while  the  country 
round  Huliyurdroog  is  well  known  to  be  auriferous,  and  the  look  of  it  from  the 
railway  near  Mudgeri  station  on  the  Mysore  State  Railway  assures  me  that  it 
is  so. 
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become  numerous  and  convert  the  reefs  into  true  granite  veins ;  rocks  which aie  not 
as  a  rule  rich  in  the  precious  metal. 

The  most  southerly  point  to  which  the  Shettihalli  band  has  been  ezamined  ii  Aft 

Karigutta  hill  overlooking  Seringapatam.  The  moat  ttriU^; 
phy ^T"*  ^^^'P*'  P""'"     feature  here  is  a  very  fine  large  dyke  of  beautifuUreddishtem 

felspathic  porphyry,  which  might  furnish  an  inezhMttUft 
supply  of  a  superb  decorative  stone  fit  for  vases,  panels,  bases  for  busts,  and  taaoSi 

The  extension  of  the  Shettihalli  band  southward  of  the  Canvery  has  ttOkfdL 
been  followed  up  by  me.  But  there  can  be  no  doubt  that  it  does  extend  mnch  fi» 
ther.  I  am  not  prepared,  however,  to  support  fully  the  idea  which  I  &thered.fai  Al 
map  accompanying  my  paper  on  the  traverse  across  Mysore,  that  the  ghfft^wW 
band  extended  far  to  the  south-west  and  joined  the  band  of  auriferous  rocks  fdasify 
the  Wynaad  gold-field,  I  have  therefore  indicated  no  such  connection  in  the  new  mapu 


Notes  on  the  Igneous  rocks  of  the  districts  of  Raipur  and  Balaghat, 
Central  Provinces,  by  Pramatha  NatH  BosE,  B.  Sc,  F.G.S.,  Deputy 
Superintendent t  Geological  Survey  of  India.     (With  a  plate.) 

The  igneous  rocks  treated  of  in  these  notes  occur  in  the  jungle-clad  border 
country  forming  the  water-shed  between  the  districts  of  Raipur  and  Balaghat,  and 
situated  north  of  Dongargarh,  and  west  of  Lohara,  Gandai,  and  Khairagarh.  They 
are,  as  a  rule,  unbedded  ;  and  they  alternate  with  ridges  of  Chilpi  shales  and  sand- 
stones, which  are  probably  of  Transition  age.  Their  general  parallelism  to  the  strike 
of  the  Chilpis  is  notable.^ 

FelsiUs, — ^These  are  almost  exclusively  confined  to  the  eastern  portion  of  the 

area,  only  a  small  patch  having  been  encountered  in  the 
reifce? '  """"^^^  °^  °''^"'"     western  portion,  east  of  Bijagarh  in  the  district  of  Balaghat. 

The  ground  occupied  by  the  Felsites  in  the  eastern  area  may 
be  sub- divided  into  two  portions — one  lying  to  the  north  of  Thakurtola,  and  the 
other  to  the  south  of  that  place.  In  both  of  these  areas,  they  run  north-south 
parallel  to  the  strike  of  the  sedimentary  Chilpi  strata ;  and  in  both,  the  eastern  and 
western  boundaries  are  approximately  straight. 

South  of  Doomureea  (a  village  3  miles  west  of  Lohara),  as  well  as  near  Koylaree 
(west  of  Silheti),  the  felsites  were  seen  to  be  in  lateral  contact  with  highly  altered 
vitrified  quartzites.  A  mile  north  of  Doomureea,  on  a  felsite-hill  locally  known  as 
Dalhea,  I  came  across  huge  blocks  of  a  hard,  laminated,  quartzi tic-looking  rock, 
which  looked  as  if  they  had  been  carried  up  entangled  in  the  felsitic  mass.  Small 
patches  of  shales  and  quartzites  with  the  Chilpi  Strike,  and  belonging  apparently  to 
the  Chilpi  series  frequently  occur  in  the  midst  of  the  felsites,  especially  in  the 

For  a  general  geological  map  of  a  portion  of  the  area,  vide  Rec.  G.  S.  I.,  Vol.  XVIII, 
p.  169. 
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country  west  of  Doomureea.  They  look  like  remnants  of  beds  which  have  been 
forced  through  by  the  felsites.  One  such  patch  was  well  seen  just  west  of  Magar- 
kund.    It  is  surrounded  on  all  sides  by  the  felsitic  rocks. 

The  absence  of  bedding,  the  straightness  in  direction  of  the  felsitic  outcrops,  the 
alteration  visible  in  the  adjacent  rocks  at  places,  and  the  presence  of  included  Chilpi 
fragments,  as  well  as  of  patches  of  Chilpi  rocks  in  the  form  of  islets,  [suggest  the 
intrusive  origin  of  the  felsites.^ 

East  and  south  of  Thakurtola,  as  well  as  west  of  Khairagarh,  the  felsites  are 
.  overlaid  with  a  certain  degree  of  unconformity  by  sandstones 

and  conglomerates,  which  form  the  base  of  the  Chhattisgarh 
Plain  Series,  and  to  which  the  name  of  "Chandarpur  sandstone"  has  been  ap- 
plied. Chandarpurs  lying  in  hollows  scooped  out  in  the  felsitic  rocks  is  rather  a 
common  occurrence.  We  may  hence  infer,  that  the  felsites  are  older  than  the 
Chandarpurs.  The  fact,  that  at  places,  as  at  Lumna  (north  of  Thakurtola)  and  else- 
where,  the  basal  conglomerates  of  the  Chandarpur  group  contain  rolled  fragments 
of  the  felsites  corroborates  ths  inference.  There  are  a  few  circumstances,  however, 
which  lead  me  to  thiifk,  that  the  felsites  cannot  be  much  older  than  the  Chandar- 
purs. It  is  even  possible,  that  minor  intrusions  continued  while  the  latter  were  being 
deposited.  The  vitrified  quartzites  west  of  Koylaree,  and  south  of  Doomureea, 
referred  to  above,  have  not  been  traced  into  indubitable  Chilpis ;  and  the  occurrence 
of  Chandarpurs  in  their  neighbourhood  raises  the  not  unreasonable  suspicion,  that 
they  may  belong  to  that  group.  West  and  north-west  of  Thakurtola  there  are  tuffs 
associated  ^to  all  appearance,  interbedded)  with  the  lower  Chandarpurs  ;  and  these 
tuffs  may  have  been  formed  of  ejecta  from  felsitic  dykes  in  the  Chandarpur  period. 
The  felsites  would  thus  appear  to  have  been  intruded  through  the  Chilpis  prior  to,  and 
possibly  also,  in  part  contemporaneously  with,  the  deposition  of  the  Chandarpurs. 
The  small  thickness  and  breccio-conglomeratic  character  of  the  Chandarpurs 
Felsites  intruded  close  plainly  declare  them  to  be  a  shore  deposit,  and  the  Saletekri 
to  shore  and  parallel  to  range  Cformed  of  Chilpi  rocks)  probably  indicates  the  coast- 
coast  ine.  j.^g  ^£  ^^  j^l^g  Q^  inland  sea  in  which  they  were  deposited. 

The  felsites  would  thus  appear  to  have  intruded  as  dykes  close  to  shore,  and 
parallel  to  the  strike  of  the  Chilpis,  as  well  as  to  the  ancient  shore-line. 

The  typical  form  is  a  purplish  rock  much  rent  by  fissures,  and  weathering 

to  a  brownish  tint.     The  fracture  is  roughly  conchoidal. 
e  rograp  y.  Longish  crystals  of  white  felspar,   and  roundish  ones  of 

vitreous-looking  quartz  are  macroscopically  seen  to  be  disseminated  in  it.  The 
former  are  larger  than  the  latter,  some  measuring  as  much  as  quarter  of  an  inch 
in  length.  In  the  matrix,  as  well  as  in  the  crystals  of  felspar,  a  greenish  decomposi- 
tion  product  is  often  observed,  sometimes  to  such  an  extent  as  to  change  the  colour 
of  the  latter  entirely  to  green. 

'  Intrusive  felsites  have  been  noted  by  Dr.  King  in  the  Kadapah  formation  (Chey-air  beds), 
which  is  possibly  of  the  same  age  as  the  Chilpis  (Mem.  VIII  pp.  191,  &c.).  The  remark- 
able parallelism  of  the  felsites  to  the  Chilpi  outcrops,  and  the  fact  that  they  are  seldom 
clearly  seen  to  cross  the  strike,  give  them  an  appearance  of  being  contemporaneous  flows. 
But  the  presence  of  included  fragments  and  of  patches  of  Chilpi  rocks  is  unfavourable  to  such 
a  supposition. 
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Under  the  microscope,  the  groundmass  is  seen  to  be  micro-felsitic.  It  is  made 
up  largely  of  minute  slightly  greenish,  granules.  Numbers  of  them  are  in  some  slides 
seen  collected  in  interrupted,  irregular,  and  more  or  less  wavy  lines.  In  a  slice 
prepared  from  a  specimen  of  a  felsite  which,  though  obtained  from  the  southern 
portion  of  the  district  of  Raipur,  a  little  way  to  the  south  of  the  area  under  descriptioD, 
unquestionably  belongs  to  the  same  series  as  the  felsites  we  are  treating  of,  microlites 
looking  very  like  those  in  question  are  seen  to  be  aggregated  along  the  outer  bound- 
aries of  the  quartz  and  felspar  crystals,  appearing,  as  if,  in  flowing  past  these,  they  had 
met  with  some  obstruction,  and  in  consequence  stuck  together  (H,  Fig  i,  Plate  )• 
These  bundles  of  microlites  are  somewhat  elongated  and  strongly  dichroic  in 
polarised  light.  There  can  be  hardly  any  doubt,  that  they  are  microlites  of  hornblende. 
And  it  is  not  improbable,  that  a  portion  of  the  minute  greenish  granules  of  the 
felsite  under  description  also  belong  to  that  mineral. 

The  larger  quartz  crystals  have  invariably  a  more  or  less  rounded  shape,  and  the 
edges  are  not  very  clearly  defined.  Fluid  inclusions  are  abundant.  Protrusions  of 
the  groundmass  (G.  Fig.  a)  in  the  form  of  bays,  and  also  along  narrow  cracks  are 
common.  Isolated  patches  of  the  groundmass  are  found  in  some,  though  rarely; 
and  a  few  contain  cubical  crystals  of  oxide  of  iron.  The  smaller  crystals  of  quarts, 
unlike  the  larger  ones  just  noticed,  usually  exhibit  more  perfect  crystal  surfaces. 

The  crystals  of  felspar  are  invariably  impellucid,  being  full  of  granular  matter. 
They  are  usually  rounded  of!  at  the  comers,  some  appearing  nearly  elliptical  in 
section.  Their  outline,  like  that  of  quartz  crystals,  is,  in  some  cases,  veiy  ill-defined. 
As  in  the  case  of  quartz,  inclusions  and  intrusions  of  the  groundmass  are  not  uncom- 
mon.  The  characteristic  twinning  of  orthoclase  is  exhibited  by  some  in  polarised 
light.    No  plagioclase  has  been  observed.    Cleavage  lines  are  sometimes  well  seen  as 

in  fig.  !• 

Some  of  the  appearances  noted  above  in  connection  with  the  crystals  of  felspar  and 
quartz  would  seem  to  suggest,  that  they  have  not  crystallised  in  situ.  The  seemingly 
isolated  patches  of  the  groundmass  found  enclosed  in  some  crystals  may,  in  reality, 
be  connected  by  cracks  with  the  groundmass  outside,  the  connection  being  cut  ofiE 
in  section.  The  frequent  indistinctness  of  the  crystal  boundaries  may  be  account- 
ed for  by  partial  fusion  along  the  edges. 

The  greenish  alteration  product,  patches  of  which  are,  in  some  cases,  macros- 
copically  seen  in  the  matrix,  as  well  as  in  the  crystals  of  felspar  is  noticed,  under  the 
microscope,  to  be  slightly  dichroic  with  polarised  light.  Even  where  the  product 
in  question  has  invaded  the  entire  felspar  crystal,  so  as  to  appear  macroscopically  a 
pseudomorph  of  the  latter,  it  is  found,  under  the  microscope,  to  be  quite  patchy,  the 
unaltered  portions  of  the  felspar  exhibiting  various  bright  colours  under  crossed 

nicols. 

At  Khairbana  and  generally  along  the  eastern  margin  of  the  felsitic  area,  there 

occurs  a  non-porphyritic  purplish  felsite  associated|with  tuffs  at  places.    The  rock  is 

much  fissured  and  has  a  very  uneven  fracture.     It  is  eminently  liable  to  alteration, 

being  sometimes  almost  wholly  converted  into  quartz-rocks,  as  near  Gubra,  and 

sometimes  into  pseudobreccias.    No  bedding,  however, is  noticeable  anywhere;  and 

here  and  there  unaltered  portions  of  the  matrix  are  met  with. 

A  thin  slice  of  a  specimen  from  near  Khairbana  has  a  blotched  appearance, 
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small  brownish  spots  and  patches  being  interspersed  in  a  light  purple  matrix. 
Under  the  microscope,  a  few  small  bits  of  rather  pellucid  felspar  are  noticed,  which 
appear  to  be  fragments  of  much  shivered  larger  crystals.  They  are  partially  rounded 
of!  at  the  comers ;  and  the  brownish  substance  noticed  above  invades  them  to  some 
extent. 

It  is  doubtful  if  the  rock  is  a  genuine  f elsite.  It  is  probably  a  tuff,  at  least  in  part, 
belonging  to  the  felsite  series. 

A  dark  coloured  felsite  occurs  at  Murghusri,  Mohanpura,  &c.  On  a  fresh  fracture, 
the  felspar  crystals  are  barely  recognisable  with  the  naked  eye.  But,  on  the  weathered 
surface,  which  is  light  brown,  somewhat  as  in  the  porphyritic  variety,  they  are  con- 
spicuous by  their  white  colour.  Owing  to  the  similarity  of  appearance  at  the  weather- 
ed surface,  the  variety  under  consideration  could  not  be  distinguished  from  the  por- 
phyritic variety  noticed  above,  without  devoting  to  the  rocks  more  time  than  I 
could  command.  The  former  possibly  belongs  to  an  intrusion  different  from  that  of 
the  latter.  Certain  it  is,  that  the  black  felsite  differs  from  the  purplish  porphyritic 
form,  not  in  colour  only,  but  also  mineralogically,  in  the  extreme  rarity  of  free 
quartz  in  it,  and  chemically,  in  containing  proportionately  less  silica.  The  per- 
centage of  silica,  as  ascertained  by  analysis  in  the  survey  laboratory,  in  the  porphy- 
ritic quartz-felsite  is  73*47,  but  in  the  felsite  under  notice  only  68*57.  This 
last  proportion  just  exceeds  the  maximum  limit  of  silica  (66  per  cent.)  present  in 
intermediate  igneous  rocks. 

Under  the  microscope,  the  groundmass  is  seen  to  be  microfelsitic,  as  in  the 
porphyritic  form.  The  larger  crystals  of  orthoclase  are  full  of  minute  granules 
(the. result  probably  of  kaolinisation),  and  have  their  comers  more  or  less  rounded 
off. 

Basaliic  re?f/b.— These  occur  in  the  Chilpi  area  north  of  Dongargarh  and,  like  the 

felsites,  run  parallel  to  the  strike  of  the  Chilpis.  They  cover 
currcmce."*°  °  ^^'  *^®  entire  ground  about  Ghoteea,  Bunnara,  &c.,  forming  an  ill- 
defined  range  of  scraggy  hills.  On  the  north  side  they  abut 
laterally  against  a  high  ridge  of  sandstones  sloping  gently  with  the  dip  north-west- 
ward. The  junction  on  this  side  is  fairly  straight ;  throughout  it,  however,  the  sand- 
stones  were  nowhere  clearly  observed  to  have  undergone  any  special  alteration.  The 
eastern  junction,  east  of  Ghoteea,  is  similar  to  the  northern.  Along  the  southern 
junction,  however,  the  sedimentary  Chilpis  were  found  to  be  distinctly  and  highly 
altered.  North  of  Koolharghat,  and  just  south  of  Lingungarh,  as  also  south  of 
Ghoteea,  there  were  met  with  along  the  junction,  dark,  bedded,  igneous-looking 
rocks,  resting  on  Chilpi  sandstones  with  perfect  conformity.  They  contain  more  or 
less  rounded  grains  of  quartz  in  abundance,  and  at  places,  look  like  gritstones  or 
even  conglomerates,  with  a  trappean  base.  South-east  of  Ghukooree,  there  occur  at 
the  junction  peculiar  looking  schistose  rocks.  Both  these  classes  of  rocks  appeared 
to  me  to  be  the  result  of  contact  metamorphism. 

West  and  north-west  of  Luchna,  the  basaltic  rocks  occupy  a  very  large  area 
extending  to  north  of  Bukkurkutta,  where  they  are  covered  by  laterite.  Patches 
of  shales,  and  more  rarely  of  sandstones,  belonging  evidently  to  the  Chilpi  series,  and 
similar  to  those   occurring  among  the  felsites,  were  encountered  in  the  basaltic 
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An  alternation  of  basaltic  rocks,  which  appeared  like  minor  dykes,  and  quasi- 
schists  was  met  with  on  the  Kaman  pass  (one  of  the  passes  between  the  districts  of 
Raipur  and  Balaghat). 

North  of  Mabuadhar  and  just  south-west  of  Nemao  Tola,  there  is  a  ridge  of  the 
basaltic  rocks,  in  which  blocks  and  boulders  of  quartzites  of  all  shapes  and  sizes, 
some  measuring  no  less  than  20  feet  in  length,  were  encountered. 

At  places,  as  just  west  of  Sitapala,  the  Chilpi  shales  in  contact  with  the  igneous 
rocks  were  found  to  be  altered  into  hard  thick  claystones.  Elsewhere,  as  west  of 
Kurela  (Karol  on  map),  a  peculiar-looking  schistose  grit  somewhat  like  the  rock 
mentioned  abqve  as  occurring  south-east  of  Ghukooree,  was  met  with  as  contact 
rock.  Frequently,  however,  the  shales  and  sandstones  in  contact  were  found  to  have 
undergone  no  special  alteration. 

The  facts  noted  above  with  regard  to  the  mode  of  occurrence  of  the  basaltic 
-^  .   .  rocks  appear  to  indicate  that  they  are  of  intrusive  origin. 

The  fact  that  they  follow  the  strike  of  the  Chilpis  very  closely 
may  suggest,  as  in  the  case  of  the  felsites,  that  they  are  contemporaneous  flows.  But, 
as  in  the  case  of  the  felsites,  the  presence  of  patches  of  Chilpi  shales  and  sandstones 
in  the  midst  of  the  basalts  cannot  on  this  view  be  satisfactorily  accounted  for.  The 
mode  of  occurrence  of  the  basaltic  rocks  in  the  vicinity  of  Ghoteea  and  Bunnara, 
however,  gives  rise  to  the  suspicion,  that  they  belong  to  a  flow  contemporaneous 
with  the  Chilpis.  For  the  latter  are  remarkably  altered  south  of  Ghoteea,  at  the 
southern  junction.  But  no  such  aheration  was  noticeable  at  the  northern  junc- 
tion, i,e,y  the  junction  with  the  higher  beds  of  the  series.  This  junction,  however, 
was  much  covered  by  debris  from  the  sandstone  hills,  and  was,  altogether  very 
obscure.  I  would  not,  therefore,  lay  much  stress  on  this  negative  fact,  ri'a.,  the 
absence  of  alteration ;  and  the  basaltic  rocks  of  the  neighbourhood  of  Ghoteea,  like 
their  fellows  occurring  further  north,  have  in  all  probability,  an  intrusive  origin  ;  are, 
in  fact,  intrusive  sheets.  There  is,  however,  considerable  uncertainty  about  their 
age.  There  is  a  minor  intrusion  of  them  in  the  felsitic  area  at  Magarkund,  and 
another  a  little  way  south,  at  a  place  called  Bagdoor.  An  intrusion  of  the  rock  was 
also  met  with  north  of  Magarkund  in  the  country  west  of  Lohara  about  Katangi- 
Mohanpura.  The  manner  in  which  these  intrusions  occur  left  the  impression  in  my 
mind  that  they  are  more  recent  than  the  felsites  and  felsitic  tuffs  by  which  they  are 
surrounded.  I  have  got  no  data  which  would  fix  their  age  with  greater  precision. 
Unlike  the  felsites,  they  are  nowhere  superposed  by  the  Chandarpur  sandstones, 
or,  indeed,  by  any  other  sedimentary  rock,  except  by  laterite  on  the  Saletekri 
plateau. 

Lithologically,  the  rocks  under  treatment  difTer  in  a  very  marked  manner  from 
the  felsites,  but  resemble  the  Deccan  and  Malwa  trap  basalts,  though  not  closely  ; 
and  for  all  that  was  seen  in  the  field,  they  might  be  of  the  same  age  as  the  latter. 

By  analysis  of  a  specimen,  in  the  laboratory  of  the  Geological  Survey,  it  has 

been  ascertained,  that  the  rock  contains  49*57  per  cent. 

Percentage  of  silica.  ^^  ^.^.^^ 

The  basaltic  rocks  are  hard,  black,  and  compact.     Macroscopically,   black  rod- 
like, minute  crystals  are  visible  in  some.     Under  the  micros- 
etrograp  y.  cope,  these  Crystals  are  seen  to  be  of  a  greenesh  tint,  slightly 
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but  distinctly  dichroic.  They  are  as  a  rule  irregular  shaped ;  but  a  few  eight-sided 
sections  have  been  noticed.  The  mineral  is,  in  all  likelihood,  augite.  The  ground- 
mass  is  crypto-  to  micro-crystalline.  Mmute,  rod-like,  whitish  crystallites,  probably 
of  felspar,  are  present,  as  also  greenish  microlites.  Large  felspar  is  rare ;  when  pre- 
sent it  is  ill  developed,  and  barely  distinguishable  as  plagioclastic.  Magnetite  occurs, 
but  not  in  such  abundance  as  in  the  Deccan  and  Malwa  trap  basalts. 

In  mineral  and  chemical  composition,  the  rock  presents  close  analogy  with 
basalts. 

Tuffsy  volcanic  agglomerates, — ^The  association  of  tuffs  with  the  Lower  Chandarpurs 
west  of  Thakurtola  has  been  already  alluded  to.^  The  most  characteristic  variety  is 
a  gritstone-like  rock,  very  hard  and  massive-bedded,  and  weathering  in  huge,  roughly 
spheroidal  masses.  Their  matrix  varies  in  colour  from  nearly  black  to  very  light 
pink,  presenting  various  intermediate  tints.  The.  black  forms  are  the  most  volcanic- 
looking,  and  the  light  the  most  sedimentary-looking.  In  fact,  the  last  named  varie- 
ties pass  almost  insensibly  into  ordinary  whitish  gritstones,  as  at  Manpur  and 
Lumna.  Macroscopically,  the  gritstone  is  seen  to  contain  large  quantities  of  fel- 
spar and  quartz  in  about  equal  proportion.  The  felspar  varies  in  colour  from  white 
to  flesh-coloured,  and  is,  in  the  average,  of  about  the  same  size  as  the  orthoclase 
of  the  felsites.  The  quartz,  however,  is  much  larger  than  that  of  the  last-named 
rocks. 

Under  the  microscope,  the  matrix,  which  appears  nearly  homogeneous  to  the 
unassisted  eye,  is  seen  to  be  full  of  little  bits  of  felspar  and  quartz.  There  js 
some  interstitial  matter,  which  is  somewhat  like  the  groundmass  of  the  felsites. 
I'he  felspar  is  found  to  be  of  the  same  species  as  in  the  felsites ;  some  of  the  crys- 
stals  bear  evidence  of  abrasion  at  the  edges.  The  quartz  crystals  have  a  most  irre- 
gular outline,  and  like  the  felspar,  have  undergone  some  amount  of  attrition. 

That  the  gritstone-like  tuffs  are  water-laid,  there  can  be  hardly  any  doubt. 
They  are,  in  all  likelihood,  formed  partly  of  volcanic  ejecta,  and  partly  of  sedi- 
mentary material. 

The  possibility  of  the  non-porphyritic  purplish  felsites  in  the  neighbourhood  of 
Khairbana  being,  at  least  partly  tuffs  has  already  been  adverted  to.  The  fine-grained 
tuffs  vary  considerably  in  colour  from  purplish  to  black.  Some  are  smooth  and 
homogeneous  with  conchoidal  fracture ;  others  rough,  with  rather  coarse  and  uneven 
fracture.  The  tuffs  not  unoften  pass  almost  imperceptibly  into  well  recognisable, 
clearly  bedded  sedimentary  strata,  as  north-west  of  Bagdoor,  north  of  the  road 
leading  from  Gandai  to  Thakurtola. 

EXPLANATION  OF  PLATE. 

Figs.     I  and  2.     Porphyritic  Quartz- Felsite,  south  of  Khuji,  Raipur  district. 

F.  felspar. 
Q.  quartz. 
H.  bundles  of  horneblende  microlites. 

G.  Groundmass. 


*  Vide  page  56. 
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Report  on  the  Sangar  Marg  and  Mehowgala  Coal-fields,  Kashmir,  by  ToM 
D.  LaTouche,  B.A.,  Geological  Survey  of  India.     (With  one  plate.) 

Two  areas  in  which  coal-bearing  rocks  (which,  for  the  purposes  of  this  report,  may 
be  called  "  coal  measures/'  though  this  term  must  not  be  taken  to  imply  any  connec^ 
tion  with  the  true  coal  measures  of  Europe)  are  found,  were  examined  by  me, — the 
one  occurring  on  the  western  and  northern  fianks  of  Sangar  Marg  hill,  and  the  other 
in  the  valley  of  the  Neari  Tawi  river,  a  tributary  of  the  Bari  Tawi,  about  8  miles  to  the 
west  of  Kotla,  surrounding  the  village  of  Mehowgala.  These  may  be  called  the 
Sangar  Marg  and  Mehowgala  coal-fields  respectively,  and  I  shall  describe  them 
separately.  The  coal  measures  are  probably  continuous  between  these  two  areas* 
though  separated  at  the  surface  by  a  broad  band  of  newer  rocks  ;  but  in  most  places 
are  at  too  great  a  depth  to  be  reached  by  mining.  I  spent  only  a  few  days  in  the 
examination  of  the  Mehowgala  field  ;  but  as  the  rocks  met  with  are  practically  the 
same  as  those  at  Sangar  Marg,  and  as  they  are  much  less  disturbed  by  folding,  I  was 
able  to  form  an  opinion  on  their  extent  and  condition  more  rapidly  than  in  the  case 
of  the  latter  field. 

I.— The  Sangar  Marg  Field. 

Geology, — The  following  is  a  vertical  section  of  the  rocks  exposed  in  the  field, 
such  as  would  be  found  in  a  boring  or  well,  sunk  vertically  through  the  strata  where 
horizontal.  It  should  be  remembered  that  where  the  strata  are  inclined,  as  they 
almost  invariably  are  in  this  field,  the  thickness  of  each  bed  passed  through  by  a 
vertical  boring  would  be  greater  than  that  here  shown,  in  proportion  to  the  angle  of 
dip ;  also,  the  thickness  of  the  different  beds  may  not  be  exactly  the  same  over  the 
whole  area,  though  that  of  the  whole  group  appears  to  be  very  constant.  For  in- 
stance, I  found  the  thickness  of  the  band  of  carbonaceous  shale  immediately  overly- 
ing the  coal  seam  to  vary  from  3  to  lo  feet  within  a  short  distance,  and  the  thickness 
of  the  seam  itself  is  also  variable.  The  amount  of  overlying  Murree  Sandstone  passed 
through  would,  of  course,  depend  on  the  position  of  the  boring  if  commenced  in  that 
rock.  Its  total  thickness  is  unknown,  but  must  be  several  thousand  feet.  That  of  the 
Great  Limestone,  too,  at  the  base  of  the  series  is  unknown,  its  base  being  nowhere 
exposed : — 


Formation. 


Murree  Croup  . 


Description. 


•   CGrey  and  reddish-grey  sandstones,  with  beds  of 


Subathu   Croup  (coal 
measures) 


shale,  weathering  purplish-red 


Nummulitic  limestone,  upper  band,  hard  blue 
limestone,  with  large  nummulites 


Olive  shales,  with  occasional  thin  nodular 
calcareous  bands,  sometimes  containing 
small  nummulites  passing  down  into 


Finely  laminated  olive  shales    , 
\Nummulitic  limestone,  lower  band  . 


Tbickoeu. 
feet. 


Undeter- 
mined. 
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Formatioo. 


Description. 


y  Earthy  limestone,  crowded  with  small  num- 
mulites 


ThickncMt 
feet. 


20 


M 

CO 

4) 


'Shales,  sandy  near  top,  passing  down  into 
carbonaceous  shales  at  base .         • 


125 


Subaihu  Group  (coal 
measures) — contd,    '  Carbonaceous  shales 


Thin  band  hard  sandstone,  with  pyrites  • 


Coal 


3 

3  to  10 

2  to    5 


M 

J3 


CO  j  Finely  laminated  olive  shales,  carbonaceous 


o 


near  top 
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Indurated  pisolitic  clay  •        •        • 
^Brecciated  conglomerate  with  iron  ore 
Supta  KMng  Series ,     Great  limestone    •         •         •         . 


\, 


.  Variable. 
.  Unknown, 


It  will  be  seen  that  the  greater  part  of  the  coal  measures  consists  of  shales,  with 
a  few  subordinate  beds  of  harder  rock,  and  that  the  coal  seam  occurs  in  the  lower 
part  of  the  formation,  the  shales  on  either  side  of  it  being  carbonaceous.  There  is  in 
this  field  only  this  one  seam  of  coal,  which  is  always  found  at  or  about  the  same 
horizon  in  the  shales ;  the  lower  band  of  nummulitic  limestone  is  a  very  useful  guide 
to  the  position  of  the  seam  in  any  outcrop  of  the  coal  measures ;  as,  being  a  hard 
rocky  It  weathers  out  more  or  less  conspicuously  from  the  surrounding  shales,  and 
the  coal  will  always  be  found,  if  at  all,  at  a  certain  distance  beneath  it. 

In  order  to  describe  the  distribution  of  these  rocks  in  the  coal-field,  it  will  be 
convenient  to  take  the  lowest  formation  exposed,  m.,  the  grea/  limestone  (so  named 
by  Mr.  Medlicott),  as  the  higher  rocks  are  everywhere  conformable  to  the  folds  into 
which  it  has  been  thrown,  except  where  the  boundary  between  them  is  a  faulted  one. 

This  rock  forms  the  main  mass  of  Sangar  Marg  hill,  where  it  is  thrown  into  the 
form  of  a  broad  anticlinal  curve  or  arch,  with  its  axis  running  approximately  east 
and  west.  This  anticlinal  is  flanked  on  either  side  by  two  synclinal  curves  or  troughs, 
occupying  the  valleys  near  the  head  of  which  the  villages  of  Bugoola  and  Sujanpur 
are  respectively  situated.  I  shall  accordingly  speak  of  them  as  the  Bugoola  and 
Sujanpur  synclinals.  On  either  side  of  these  agtun,  the  greai  limes/one  is  bent  up  in 
narrow  anticlinal  folds,  forming,  on  the  south,  the  precipitous  ridge  to  the  north  of 
Berh,  and  on  the  north  a  similar  ridge  along  the  northern  side  of  the  Sujanpur  valley. 
In  its  easterly  continuation  along  the  line  of  the  Fuddar  valley,  this  fold  is  faulted 
parallel  to  its  axis. 
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The  aies  of  all  these  carves  are  elevated  towards  the  east,  so  that  the  anticfiiiab 
disappear  gradoalij  in  a  westerly  direction.  At  the  same  time  the  synclinals  between 
them  broaden  oat  Thus  the  narrow  ridge  of  great  limesiom^  north  of  Berh,  disap- 
pears near  the  village  of  Kroli  on  the  path  from  Berh  to  Kotla ;  the  gnai  iimafom 
forming  the  main  or  Sangar  Marg  anticlinal,  disappears  about  i}  miles  west  of  the 
tank  at  Chakar ;  and  that  forming  the  ridge  north  of  Sajanpor,  near  the  lower  end 
of  the  Sujanpnr  valley.  Similarly,  the  depressions  caused  by  the  synclinals  grow 
shallower,  and  tend  to  disappear  in  an  easterly  direction. 

To  the  soath  of  this  s}-stem  of  folds,  the  rocks  are  moch  disturbed  and  faulted, 
and  even  inverted  in  places,  so  that  the  Biurree  sandstones  are  sometimes  in  contact 
with  the  great  limestone^  or  appear  to  dip  beneath  it,  as  may  be  seen  along  the  path 
leading  from  Berh  near  the  \-illage  of  Kroli ;  while  the  coal  measures  are  either 
faulted  oat  of  sight,  or  so  broken  up  as  to  be  valueless.  To  the  north,  Mnrree  sand* 
stones  apparently  extend  to  the  foot  of  the  Punjab  range. 

Owing  to  the  combined  effect  of  the  folds  into  which  the  rocks  have  been  thrown, 
and  the  denudation  to  which  they  have  been  subjected,  the  coal  measures  appear  at 
the  surface  as  a  continuous  narrow  band,  running  in  an  irregular  direction  between  the 
great  limestone  and  Murree  sandstones.  The  area  occupied  by  the  Murree  sand* 
stones  may  be  readily  distinguished  from  that  of  the  great  limestone  by  the  purplish- 
red  colour  of  the  soil  formed  by  the  weathering  of  the  former,  and  the  more  rugged 
character  of  the  hills  formed  by  the  latter. 

Distribution  of  the  Coal  measures. — It  is  difficult  to  convey  an  accurate  idea  of 
a.  The  Bugoola  syn-  the  distribution  of  the  coal  measures  without  a  large  scale 
clinal.  map ;  but  I  have  prepared  a  section  taken  across  the  western 

portion  of  the  field  in  a  direction  transverse  to  the  strike  of  the  rocks,  which  will  be 
of  some  assistance  in  distinguishing  the  various  folds  I  have  described  above.  The 
section  is  attached  to  this  report. 

Entering  the  Kotla  valley  by  the  path  from  Berh,  coal  is  first  met  with  on  the 
top  of  the  low  pass  or  col  near  the  village  of  Kroli  (or  Krool,  which  is  somewhat  to 
the  east  of  its  position  as  marked  on  the  map). 

The  seam  where  first  seen  is  a  good  deal  disturbed,  but  seems  to  be  from  4  to  5 
feet  thick ;  a  short  distance  to  the  west,  however,  it  is  reduced  to  2  feet  9  inches.  The 
dip  is  apparently  towards  the  great  limestone^  but  within  a  few  feet  to  the  south,  the 
dip  of  the  overlying  rocks  is  about  67°  to  S.  \V.,  or  away  from  the  great  limestone. 
To  the  south-east  of  this  point,  the  coal  measures  occupy  a  small  valley  at  the  foot  of 
the  great  limestone  ridge  north  of  Berh,  and  are  cut  off  to  the  south  by  a  fault. 

On  the  descent  from  the  pass  above  mentioned  to  the  Kotla  valley,  the  coal 
measures  follow  the  path  for  about  \  mile  to  a  patch  of  terraced  fields ;  here  they 
bend  sharply  to  the  east  round  the  western  end  of  the  narrow  ridge  of  great  lime- 
stone, and  enter  the  Bugoola  valley.  Along  the  southern  side  of  the  valley,  they  are 
deeply  eroded,  and  generally  concealed  by  cultivation  and  debris  from  the  lime- 
stone ridges,  but  coal  is  exposed  in  more  than  one  place ;  the  dip  is  high  to  north. 
Near  the  upper  end  of  the  valley,  at  the  place  called  Kala  Mitti  by  the  natives,  the 
band  of  coal  measures  bends  again  sharply  to  the  west  along  the  northern  slope  of 
the  valley.  At  the  bend,  denudation  of  the  shales  containing  the  seam  has  exposed 
it  in  such  a  manner  as  to  make  it  appear  that  there  is  more  coal  here  than  else- 


PART  2.]       LaTouche  :  Sangar  Marg  and  Mehowgala  Coal-fields.         65 

where ;  hence  the  distinctive  name  given  to  this  spot.  That  there  is,  however,  a 
considerable  thickness  of  coal  here,  I  found  by  a  cut  made  across  the  beds  where 
they  were  not  denuded,  and  by  a  pit  sunk  some  300  yards  to  the  west,  along 
the  southern  outcrop.  In  the  former  place,  the  seam  was  3  feet  6  inches  thick,  and 
in  the  pit  7  feet  6  inches.  This  pit  afiEorded  a  striking  instance  of  the  manner  in 
which  the  seam  may  be  concealed  by  surface  soil.  At  the  surface,  only  a  few  inches 
of  coal  were  visible,  and  that  only  where  the  grass  had  been  worn  away  by  a  foot- 
path, and  yet  not  10  feet  below  there  was  this  thick  seam  of  coal. 

Along  the  northern  side  of  the  valley,  the  coal  meaures,  dipping  steeply  to  th6 
south,  are  again  eroded  as  far  as  the  village  of  Kori,  where  a  ridge  of  Murree  sand^ 
stone^  jutting  out  from  the  southern  flank  of  Sangar  Marg  hill,  has  escaped  denuda^ 
tion  and  protected  them.  Coal  is  again  exposed  on  the  col  at  the  top  of  this  ridge, 
between  Kori  and  Ransu  on  the  left  bank  of  the  Tawi,  and  again  to  the  west  at  the 
lower  end  of  the  ravine  near  Ransu,  just  above  the  fields  belonging  to  the  village. 
On  the  coU  the  seam  is  4  or  5  feet  thick,  and  in  the  ravine  about  3  feet. 

The  centre  of  the  valley  is  everywhere  occupied  by  rocks  higher  in  the  series 
than  the  coal  seam ;  that  is,  by  the  upper  beds  of  the  coal  measures  towards  the  head 
of  the  valley,  and  by  Murree  sandstones  lower  down ;  so  that  the  coal  might  be 
reached  either  by  vertical  mines  on  the  floor  of  the  valley,  or  by  horizontal  adits 
driven  at  points  low  down  on  its  sides.  In  the  middle  of  the  valley,  however,  these 
upper  rocks  are  nearly  vertical,  and  it  is  impossible  to  say  at  what  depth  the  coal 
seam  would  be  reached.  This  could  only  be  determined  by  boring.  I  do  not 
think  that  for  a  mile  at  least  down  the  valley  from  Kala  Mitti,  this  depth  would  be 
found  too  great  for  mining  on  English  methods ;  though  in  the  lower  portion  of  the 
valley  a  considerable  water  discharge  would  have  to  be  contended  with.  Working 
from  the  outcrop  should  in  no  case  be  permitted  in  such  highly  inclined  seams,  as 
such  opibnings  would  greatly  facilitate  the  passage  of  water  into  the  seam. 

On  Uie  banks  of  the  Tawi  stream,  near  Ransu,  the  coal  measures  are  entirely  con- 
cealed by  cultivation ;  and,  where  they  cross  the  river,  by  its  deposits  of  gravel  and 
boulders.  To  the  west  of  the  stream  they  appear  again  in  the  ravine  along  which  runs 
the  path  to  Chakar,  and  coal  is  exposed  on  the  path  itself  in  more  than  one  place  as 
far  as  the  col  where  the  path  from  Brehal  to  Chakar  is  met.  On  the  col^  the  coal 
seam  is  2  feet  6  inches  thick,  dipping  to  S.  15°  W.  at  about  20.°  Down  the  ravine 
towards  Brehal,  the  thickness  of  the  seam  increases,  but  at  the  same  time  the  dip 
becomes  much  higher,  until  at  Brehal  it  is  nearly  vertical.  Here  the  seam  is  from  4 
to  5  feet  thick,  but  the  shales  in  which  it  occurs  are  much  contorted  on  a  small  scale, 
and  the  coal  is  crushed  to  powder.  To  the  south,  however,  the  dip  of  the  rocks 
overlying  the  coal  decreases,  though  still  very  high,  about  70°  in  a  southerly  direc- 
tion ;  and  the  coal  would  probably  be  found  improved  in  condition  if  reached  by  a 
mine ;  but  even  at  a  short  distance  from  the  outcrop,  it  would  be  at  a  great  depth 
owing  to  the  high  dip.  Farther  to  the  west  of  Brehal,  the  seam  again  grows  thinner. 
It  is  last  seen  in  a  small  stream  about  \  mile  to  the  west  of  the  Brehal  outcrops, 
and  is  only  2  feet  2  inches  thick,  but  with  a  lower  dip,  37°  to  S.  20°  W. 

To  the  south  of  Brehal  the  dip  of  the  rocks  overlying  the  coal,  as  may  be  seen 
from  the  accompanying  section,  is  very  high,  as  far  as  the  Tawi,  and  in  the  level 
ground  near  the  river,  the  coal  seam  must  be  at  a  great  depth  beneath  the  surface  • 
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but  it  might  be  worth  while  to  make  a  boring  to  the  south  of  the  river  near  the 
village  of  Kahiar,  which  is  almost  in  a  line  with  the  sharp  anticlinal  ridge  of  grtai 
limestone  at  Kroli,  and  where  the  coal  measures  may  be  brought  up  within  a  rea- 
sonable disUnce  of  the  surface. 

Ascending  the  hill  side  to  the  north  of  Brehal  over  greai  limestone  and  breccias, 

coal  is  next  found  about  \  mile  to  the  west  of  the  tank  at 
clinal^^*  Sujanpor  syn-     chakar,  at  the  base  of  a  scarp  formed  of  coal  measure  rocks 

overlaid  by  Murree  sandstones.  When  first  seen,  the  seam 
is  only  i  foot  thick,  and  appears  to  die  out  entirely  to  the  west  where  the  coal 
measures  bend  down  towards  Brehal  over  the  top  of  the  main  anticlinal  fyidi 
section    ). 

To  the  east,  the  seam  increases  gradually  in  thickness  as  for  as  a  point  about  loo 
yards  north  of  the  tank,  where  it  is  from  4  to  5  feet  thick.  Here  the  coal  measures  bend 
to  the  north  along  the  gully  leading  to  the  head  of  the  Sujanpur  valley,  the  thickness 
of  the  seam  again  decreasing  until  it  is  only  i  foot  4  inches  at  a  point  about  800 
yards  north  of  the  tank.  Beyond  this,  it  disappears  as  a  seam,  and  is  represented 
at  intervals  by  highly  carbonaceous  shales  with  lenticular  beds  or  pockets  of  coal  as 
at  the  top  of  the  col  above  Sujanpur,  and  again  about  half  way  down  the  valley  on 
the  north  side.  Towards  the  lower  end  of  the  valley  no  coal  is  seen,  but  the  coal 
measures  are  much  concealed  by  talus  from  the  steep  ridge  of  limestone  to  the 
north. 

At  the  village  of  Saroda-bar,  on  the  top  of  Sangar  Marg  hill,  is  a  small  outlying 
patch  of  coal  measure  rocks  which  occupies  the  head  of  the  Sujanpur  synclinal,  and 
has  hitherto  escaped  denudation.  The  outlier  is  of  no  great  eactent,  and  its  position 
at  the  top  of  the  hill  probably  fenders  it  worthless  for  mining  purposes,  just  as  at 
Kala  Mitti,  the  amount  of  coal  exposed  by  the  denudation  of  the  seam  is  apparently 
large,  but  this  appearance  is  rather  deceptive. 

At  the  lower  end  of  the  Sujanpur  valley,  the  band  of  coal  measures  makes 
c.  The  Ikni  and  Pad-     another  sharp  bend  round  the  western  end  of  the  narrow 
dar  outcrop.  ridge  of  great  limestone  to  the  north,  and  runs  due  east  in 

the  direction  of  Ikni.  It  is  probable  that  a  fault  exists  along  this  line  which  has 
dropped  the  lower  part  of  the  coal  measures  out  of  sight  in  places ;  but  even  where 
fully  exposed,  until  the  ravine  close  to  Ikni  is  reached,  no  coal  is  seen  in  them. 
The  dip  all  along  this  line  is  very  high,  about  60**  to  the  north,  and  the  Murree 
sandstones  overlying  the  coal  measures  rise  into  lofty  hills  directly  from  the  out- 
crop, so  that  mines  could  not  be  sunk  to  the  north  of  it  so  as  to  reach  the  coal 
except  at  a  very  great  depth ;  though  adits  might  be  driven  horizontally  in  a  few 
places  to  the  south  of  the  outcrop  so  as  to  undercut  the  seam.  The  thickness  of 
the  seam  at  Ikni  is  variable,  but  reaches  as  much  as  8  feet  in  places. 

To  the  east  of  Ikni,  the  coal  measures  are  continued  along  the  same  line  down 
the  Paddar  valley,  but  are  occasionally  cut  out  by  the  fault,  which  gradually  increases 
in  throw,  the  great  limestone  to  the  south  of  it  forming  a  lofty  scarp  along  the  south- 
ern side  of  the  valley.  Coal  is  seen  about  half  way  between  Ikni  and  Paddar,  very 
shaly  and  nearly  vertical ;  and  again  at  Paddar  village^  itself,  where  a  few  pockets 

1  This  village  is  not  in  the  position  marked  on  the  map,  but  is  about  3  miles  doe  E.  of  Lena 
station. 
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occur  in  vertical  shales.  Below  Paddar,  the  coal  measures  are  eroded  and  con- 
cealed by  talus,  but  may  be  traced  as  far  as  the  Rad  stream  which  joins  the  Chenab 
at  Arnas.  Crossing  the  Rad  stream,  they  enter  the  hilly  country  to  the  north  of  it, 
dipping  steeply  to  the  north  between  great  limestone  on  the  south  and  Muree 
sandstone  on  the  north,  but  appear  again  on  the  same  line  at  the  junction  of  the 
Aus  and  Chenab,  and  may  be  traced  for  some  distance  up  the  valley  of  the  latter 
river  to  the  east.  The  coal  measures,  as  a  whole,  seem  to  be  much  thinner  here, 
but  the  different  limestones  and  shales  are  all  represented,  and  near  the  village 
of  Kantan,  about  i}  miles  east  of  Arnas,  I  found  a  small  pocket  of  coal  in  them. 
Beyond  Kantan,  they  again  enter  the  hilly  ground  to  the  north  of  the  Chenab,  and 
I  did  not  trace  them  further ;  but  in  this  direction  the  coal  appears  to  be  confined 
to  small  pockets  in  the  shales. 

In  all  places  where  the  coal  is  exposed  at  the  surface,  it  is  found  to  be  in  a  very 

^    ^. .       ,  L    ^    ,      friable  and  flaky  condition,  crumbling  easily  between  the 
Condition  of  the  Coal.       .  rn*  •     •  ^1      j       .  1      .  ■.  1 

fingers.     This  is  partly  due  to  weathering,  and  partly  to 

the  crushing  the  rock  has  undergone  during  the  folding  of  the  rocks.    In  order  to 

find  out  whether  the  coal  improves  in  the  interior  of  the  seam,  I  had  a  pit  sunk 

near  the  tank  at  Chakar  so  as  to  reach  the  coal  where  it  had  been  unaffected  by 

weathering:  the  pit  was  lao  feet  from  the  outcrop  in  one  direction,  and  190  feet  in 

another,  and  coal  was  reached  at  about  30  feet  from  the  surface.    The  rocks  passed 

through  were  the  following  :— 

Feet. 

Surface  soil  about 3 

Shales,  becoming  grradually  carbonaceous  towards  the  base,  about  .  13 
Hard  carbonaceous  sandstone,  with  many  nests  of  iron  pyrites,  about  •  4 
Highly  carbonaceous  shales,  with  pyrites,  about  .  .  •  •  10 
Coal Not  passed  through. 

A  good  deal  of  water  was  met  with  in  passing  through  the  sandstone  bed ;  and  as 
the  sappers  and  miners  employed  in  sinking  had  no  proper  appliances  for  lifting  the 
water,  the  sinking  was  a  very  slow  process,  and  I  stopped  it  as  soon  as  coal  was 
reached.  The  coal  extracted  is  in  a  very  different  condition  from  that  at  the  out- 
crop, being  hard  and  compact,  and  not  liable  to  be  broken  up  by  carriage  to  a  dis- 
tance. It  is  dull  black  in  colour,  with  thin  veins  of  brighter  coal,  and  burns  without 
flame  in  ah  open  fire.    The  laboratory  assay  is : — 

Moisture                         •••••••••  *55 

Volatiles,  exclusive  of  moisture 11*48 

Fixed  Carbon        •         •         •         •         • 45*50 

Ash               42*47 

100*00 

Cakes,  but  not  strongly.    Ash,  grey. 

Pits  were  also  driven  into  the  seam,  at  Brehal  and  Ikni,  to  a  depth  of  20  feet  from 
the  surface,  where  they  were  stopped  by  water  collecting  in  them.  In  these  the  qua- 
lity of  the  coal  showed  no  improvement,  but  they  were  not  driven  far  enough  to 
decide  the  question.  The  rocks  at  these  places  are  more  highly  inclined  and 
crushed  than  at  Chakar,  so  that  it  is  not  likely  that  the  coal  would  improve  within  so 
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short  a  distance  from  the  outcrop  as  at  that  place.  In  the  Bugoola  valley,*  the  crash- 
ing was  probably  not  so  great ;  and  here  the  coal  in  the  interior  of  the  seam  would 
probably  be  found  similar  to  that  from  Chakar. 

II.— The  Mehowgala  Field. 

Distribution  of  the  coal  measures  — In  the  valley  of  the  Neari  Tawi,  a  small  stream 
running  due  south  about  8  miles  to  the  west  of  Sangar  Marg,  between  the  villages 
of  Acker  and  Mehowgala,  the  great  limestone  is  again  brought  up  to  the  surhce 
on  the  line  of  the  sharp  anticlinal  north  of  Sujanpur,  forming  a  dome-shaped  mass 
in  the  centre  of  the  valley,  through  which  the  Neari  Tawi  passes  in  a  deep  narrow 
gorge.  The  coal  measures,  with  the  overlying  Murree  sandstone^  are  exposed  on  all 
sides  of  this  central  mass,  dipping  away  from  it  in  every  direction.  The  dip  of  the 
rocks  is,  as  a  rule,  much  less  than  in  the  Sangar  Marg  field ;  and  if  the  coal  seam 
were  fairly  constant  in  thickness,  it  could  be  worked  under  much  more  favourable 
conditions  than  in  that  area.  Wherever  the  seam  is  exposed,  however,  it  is  found 
to  be  very  irregular,  sometimes  thickening  out  within  30  or  40  feet,  from  2  to  5  feet, 
and  thinning  as  abruptly.  At  the  same  time,  such  lenticular  beds  cA  coal  seem  to 
be  fairly  numerous,  and  no  doubt  in  the  aggregate  contain  a  large  amount  of 

coal. 

The  rocks  forming  the  coal  measures  are  of  about  the  same  total  thickness  as  in 
the  Sangar  Marg  field,  as  shown  in  the  vertical  section  at  the  beginning  of  this  report, 
but  there  are  some  changes  in  the  minor  beds.  Thus  the  breccias  at  the  base  are 
absent,  and  the  pisolitic  clays  overlying  them  are  replaced  by  a  hardened  clay  rock 
which  is  locally  carbonaceous,  and  contains  thin  strings  and  lenticular  beds  of  coaL 
These  are  well  exposed  at  the  village  of  Mehowgala  itself,  and  on  the  paths  leading 
down  from  it  to  the  Neari  Tawi.  There  are  also  two  seams  of  coal  about  the  hori- 
zon of  the  seam  in  the  Sangar  Marg  area,  with  a  thickness  of  about  20  feet  of  &hale 
between  them,  but  the  upper  seam  is  apparently  never  more  than  2  feet  thick  and  is 

generally  less. 

To  the  west  of  Mehowgala,  the  strata  are  so  horizontal  that  the  stream  in  the 

iro  valley  has  cut  down  through  the  overlying  Murree  sandstone^  and  exposed  the 

coal  measures.    The  valley  is  a  broad  open  one,  and  the  upper  portion  of  the  coal 

measures  occupy  the  greater  part  of  its  fioor,  but  the  horizon  of  the  coal  seams  has 

been  reached  only  near  the  head  of  the  valley.     Here  the  lower  seam  has  a  fairly 

*  Note.— Specimen  from  a  pit  near  Bugoola  gives: — 

Moisture *17 

Volatilcs,  exclusive  of  moisture 867 

Fixed  Carbon 39' <3 

Ash S>'03 

Cakes.     Ash,  light  reddish-grey. 

This  and  the  above  assay  must  be  considered  as  very  disappointing  owing  to  the  large 
Quantity  oi  ash  :  and  if  they  could  be  relied  on  as  indicating  the  average  quality  of  the  coal  would 
be  in  themselves  a  death-blow  to  the  hope  of  getting  a  serviceable  fuel  from  this  area.  Such 
analyses,  however,  being  made  on  a  very  small  portion  of  the  coal  are  apt  to  be  misleading ; 
and  before  condemning  the  whole  seam,  I  would  recommend  that  a  sufficient  quantity  of  coal 
for  trial  in  a  steam  engine  should  be  raised  from  the  lo-foot  pit  at  Bugoola,  and  sent  down  for 
experiment  on  the  Jummu  railway  construction. 
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constant  thickness  of  about  z  feet,  with  max^^y  lenticular  beds  of  a  greater  thickness. 
One  of  these  that  I  measured  was  about  60  feet  long  thickening  from  2  feet  at  either 
end  to  5  feet  in  the  centre. 

In  the  Neari  Tawi  valley,  coal  is  exposed  on  the  path  leading  from  Acker  down 
to  the  river,  but  here  also  it  occurs  in  lenticular  beds.  In  the  bed  of  the  river,  the 
coal  measures  are  concealed  by  gravels  and  boulder  drift.  In  the  vicinity  of  the 
central  mass  of  limestone,  both  on  the  north  and  south,  there  is  some  local  faulting^ 
and  the  strata  are  a  good  deal  disturbed ;  but  further  up  and  down  stream,  the  dip 
settles  down  more  regularly  to  the  north  and  south  respectively.  Borings  might  be 
made,  say,  \  mile  from  either  end  of  the  narrow  gorge,  to  find  the  depth  of  the 
seam. 

Condition  of  the  Coal,  ^  At  the  outcrop  the  coal  is  in  the  same  flaky  and  friable 
condition  as  at  Sangar  Marg,  but  as  the  rocks  have  undergone  very  little  folding, 
it  no  doubt  improves  in  the  interior  of  the  seam. 

The  Golan  Stream, — Between  the  Sangar  Marg  and  Mehowgala  fields,  the  coal 
measures  are  brought  to  the  surface  in  the  narrow  valley  of  the  Golan  stream  about 
a  mile  above  the  place  where  the  path  from  Kotla  to  Mehowgala  crosses  it.  The 
horizon  of  the  coal  seam  is  not  exposed,  the  lowest  rock  seam  being  the  lower  band 
of  nummulitic  limestone,  which  forms  a  dome-like  ridge  on  the  right  (W.)  bank 
of  the  stream,  but  a  boring  of  no  great  depth  would  reach  the  coal  if  present.  The 
rocks,  however,  are  much  folded,  and  the  coal  could  not  be  worked  to  any  great  dis- 
tance. 

General  Remarks. 

It  would  be  very  difficult  to  give  a  satisfactory  estimate  of  the  total  quantity  of 
^oal  available  in  these  fields,  at  any  rate  until  the  thickness  of  the  seam  has  been 
horoughly  tested  by  boring ;  and  I  shall  not  attempt  to  do  so.  My  opinion  is  that 
here  is  a  large  amount  of  coal,  but  spread  over  so  large  an  area  that  the  average 
bickness  of  the  seam  is  not  great.  Whether  it  would  be  profitable  to  work  a  seam 
nly  2  or  3  feet  in  average  thickness,  must  depend  on  the  demand  for  coal  in  the 
hinjab,  and  the  distance  of  the  nearest  railway  line.  A  large  initial  outlay  would 
ave  to  be  incurred  in  any  case  in  making  borings  and  sinking  pits  on  a  European 
y^stem  before  any  coal  could  be  extracted,  as  it  would  be  very  unadvisable  to  work 
le  coal  from  the  outcrops,  as  might  be  done  if  the  strata  were  more  horizontal. 

As  it  is  impossible  to  mark  the  sites  I  have  selected  for  borings  in  so  small  a 
lap  as  the  2  miles=  i  inch  which  is  the  largest  at  present  available,  I  append  a 
ible  giving  a  list  of  the  different  places  in  which  borings  might  be  made,  with  the 
>cks  exposed  at  the  surface  in  which  the  borings  would  be  commenced,  and  the 
ip  of  the  rocks.  Most  of  these  I  marked  in  the  field  with  a  small  cairn  of  stones 
3  a  guide  to  the  engineer  who  will  superintend  the  borings.  These  are  marked 
ith  an  asterisk.  As  a  rule,  I  have  chosen  them  in  such  places  that  the  coal  should 
e  reached  at  a  moderate  depth;  but  afterwards,  if  these  are  successful,  other 
orings  might  be  made  at  greater  distances  from  the  outcrop.  In  any  case,  the 
orings  I  have  indicated  should,  I  think,  be  made  before  any  expense  is  incurred  in 
inking  pits. 
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List  of  Boring  Sites. 

Sangar  Marg  Field. 


Locality. 


Beds  ex 

lai 


Ttacc 


at 


1*  Kroli  village,  at  side  of  path  on 
col  leading  to  Tawi  valley. 

a.  Kahiar  village,  in  ravine  to  E.  of 
village. 

3*  About  500  yards  S.  of  Ransu 
village,  on  path  from  Berh  to 
Kotia  at  side  of  small  stream. 

4.  Near   conical  hollow   on  fields 

about  200yardi>  S.W.  of  Ransu. 

5.  In  bed  of  Tawi  stream  by  2nd 

mill  below  gorge  at  Ransu. 

6*  Bugoola  valley,  about  300  yards 

S^.  of  Kori,  Gulabgarh  fort 

W.  /N. 
7^  Between  Kori  and  Ransu,  about 

30  ft.  S.  of  path  on  top  of  col, 
8i  Brehal  side  of  stream  about  100 

yards  S.  of  coal  outcrops. 
9*  Chakar    in   ravine     about   500 

yards  W.  of  tank,  Lena  Stn.  N. 

10*  Chakar,  about  300  yards  N.  of 
tank,  Lena  stn.  N.  25"  E.  Peak 
above  Berh  S.  35°  W. 


CM.  upper  shales 
M.S.S. 

MaS.S« 


Dfrectioaof 
dip. 


•••  •• 


M.S«9. 


CM.  middle 

shales. 

CM.  upper  shales 

C.M.  lower  por- 
tion of  upper 
shales. 
Do.    do.    do. 


S.W. 

S.  ao"  W. 

P 


Ang^of 
dip. 


67* 

63* 

p 


•  •• 

..• 

*•* 

... 

s. 

so" 

s. 

40* 

s. 

70* 

N.  2o*  E. 

3o' 

Approz.  h 

onxontal. 

RtMAasa. 


Coal  ezp.  aboBt 
Soft,  to  N. 


Rocks  at  soifaoe 
not  well  ezp. 

Rocks  ooncealed 
by  cnltivatkm. 

Rocks  concealed 
by  boulders  in 
river. 


Mehowgala  Field. 


Locality. 


!!•  In  valley  N.  of  Acker  village, 
about  \\  miles  from  Neari  Tawi 
Mehoweala  due  W. 

12*  In  bed  ofNeari  Tawi,  about  100 
yards  below  crossing  of  path 
from  Acker  to  Mehowgala. 

13*  W.  of  Mehowgala  village,  where 
path  to  Siro  turns  S.  along 
base  of  scarp  of  M.S.S. 

14*  In  ravine  on  path  to  Siro  from 
Mehowgala. 

15*  In  same  ravine  E.of  Siro  village 

l6*  On  left  bank  of  Siro  stream  be- 
low the  village  near  junction 
with  small  stream  from  W. 

I7»  About  i  mile  W.  of  Siro  village 
in  valley  of  small  tributary 
stream. 


Beds  exposed  at 
sorCace. 


C.M.  near  top  of 
upper  shales. 

CM.  top  of 
middle  shales. 

Base  of  .M.S.S. 


CM.  top  of  upper 

shales. 
C.M.  upper  shales 

C.M.  upper  shales 


C.M.  upper  shales 


Direction  of 
dip. 

Angles  of 
dip. 

S.  25°  E. 

44' 

s. 

36° 

W.N.W. 

e 

Approx.  h 

orizontal 

Do. 

s.s.w. 

.7° 

Approx.  h 

orizontal 

RiMARKS. 


M.S.S,'' Murree  Sandstones,  C.  M,™ Coal  measures, 
N.B,—The  bearings  throughout  are  compass  bearings. 
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ADDITIONS  TO  THE  MUSEUM. 

From  ist  January  to  318T  March  i8S8. 

Thirteen  specimens  of  physa  from  Nagpur. 

Presented  by  B.  V.  Roydu»  Maharaja,  Nagpur. 

Limestone  from  Birds'  Nest  or  Elephant  Island  caves,  South-East  of  Domel  Island,  Mer- 
gui  Archipelago.  Presented  by  Commander  A.  Carpenter,  R.N., 

H.  M.  i.  M.  S.,  **  Investigator."    Port  Blair. 

Graphitic  shale  (containing  19*33^/0  carbon),  and  carbonate  of  lime,  from  near  Rampur« 
on  the  Murree-Kashmir  Road. 

Presented  by  E.  S.  Farrant,  C.E.,  Executive  Engineer  to  thb 

Resident  in  Kashmir. 

Fossils  (proboscidian)  found  on  a  hill  above  the  village  of  Khyrabad  in  the  Salt  Range,  a 
few  miles  from  Mari,  Kalabagh,  Punjab. 

Presented  by  P.  P.  Dbasb,  Executive  Engineer,  MaRi,  Kalabagh 

District,  Edwardesabad. 

Four  specimens  of  crystalline  rocks,  from  di£ferent  localities,  collected  during  a  trip  from 
Mussoorie  to  Qangutri.  Presented  by  Dr.  H.  Warth. 

Cobahiferous  mait^  from  Kachipatar,  Nepal. 

Presented  by  C.  Girdlestone,  Resident  op  Nepal,  through  the 

Revenue  &  Agricultural  Department, 

Gypsum  found  in  digging  a  well  at  Chadi,  North-West  of  Jodhpur  pargannah. 

Presented  by  Major  W.  Loch,  Settlement  Officer,  Marwar. 

Nemalite  from  Afghanistan. 

Sent  by  the  Revenue  &  Agricultural  Department. 

84  original  hand  specimens  of  European  igneous  and  metamorphic  rocks. 

Presented  by  Dr.  Aristides  Brezina,  K.K.,  Naturhistorisches 
HoPMUSEUM,  Mineralogisch-Petrographische  Abthbiluno, 

Vienna. 


ADDITIONS  TO  THE  LIBRARY. 

From  ist  January  to  31ST  March  i888. 

Titles  of  Books.  Donors, 

Atkinson,  E*  7*.— Annual  address  to  the  Asiatic  Society  of  Bengal,  Calcutta :  February 

1st,  1888.    8°  Panl.  Calcutta,  1888. 
Bronn's  Klassen  und  Ordnungen  des  Thier-Reichs.    Band  I,  lief.  35-41.    8''  Leipzig, 

1887. 
BucKMAN,  S.  S.-^Pi  monograph  on  the  Inferior  Oolite  Ammonites  of  the  British  Islands. 

Part  11.    (Pal.  Soc.)    ^  London,  1888. 
David,  r.  W.  Edgeworth.-^Geology  of  the  Vegetable  Creek  Tin-Mining  Field,  New 

England  District,  New  South  Wales,  with  maps  and  sections.    4^ 

Sydney,  1887.  Department  op  Mines,  Sydney. 

DiTTMAR,  W. — Exercises  in  Quantitative  Chemical  Analysis  :  with  a  short  treatise  on 

gas  analysis,    8*"  London,  1887. 
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TiiUi  of  Booksm  Donors, 

HiNDBf  George  Jennings.^A  monograph  of  the  British  Fossil  Sponges.    Part  II. 

(Pal.  See.)    4''  London,  i888. 
HuDLBSTON,  Wilfrid  II, — A  monograph  of  the  British  Jurassic  Gasteropoda.  Part  I, 

No.  2.    (Pal.  Soc)    4*  London,  1888. 
Hull,  Edward, — A  sketch  of  geological  history,  bdng  the  natural  history  of  the  earth 

and  of  its  Pre-Human  Inhabitants.    8**  London,  1887. 
Hunt,  Thomas  St§rry.-^K  natural  system  of  Mineralogy,  with  a  classification  dF  native 

silicates.    8**  Boston,  1885. 
Irving,  R,  D,^ls  there  a  Huronian  group  ?    8°  Pam.  Washington,  1887. 

Thb  Author* 

Jones,  T,  Rupert^  and  Woodward,  Henry.'^K  monograph  of  the  British  Palaeozoic 

Phyllopoda  (Phyllocarida,  Packard).    Part  I.    (P&l.  Soc)  4°  London, 

1888. 
Kebnb,  H.  G, — A  hand-book  for  visitors  to  Delhi  and  its  neighbourhood.    4th  edition* 

8""  Calcutta,  1882. 
Lord,  W,  B,,  and  Bainbs,  T, — Shifts  and  expedients  of  camp  life,  travel  and  exploration. 

8**  London,  187 1. 
LuARD,  Alfredo  Truany,  and  Witt,  Otto  N, — Die  Diatomaceen  der  Polycysdnenkrdde 

von  Jdr^mie  in  Hayti  Westindien.    4*  Berlin,  1888. 

Otto  N.  Witt. 

Ltdbkkbr,  /?.— -Note  on  a  new  Wealden  Iguanodont  and  other  Dinosaurs.    8*  Pam. 

London,  1888.  The  Author. 

Mbrivalb,  fohn  Herman, — Notes  and  formulae  for  Mining  Students.    8**  London,  1887. 
Mojsisovics,  E,  V,  and  Neumayr,  M, — Beitrage  zur  Palaontologie  Osterreich-Ungams 

und  des  Orients.    Band  VI,  heft  1-2.    4*  Wien,  1887. 
Palaontologie  Franpaise.     i"  s6rie,  Animaux  Invertdbrds,  Crinoides,  livr.  85,  and  fechi- 

nides,  livr.  ii-ia.    8*  Paris,  1887. 
Purgold,  a, — Die  Meteoriten  des  Koniglichen  Mineralogischen  Museums  in  Dresden. 

8°  Pam.  Dresden,  1882.  The  Museum. 

Quenstedt,  F.  i4. — Die  Ammoniten  des  Schwabischen  Jura.    Heft  17.    With  plates. 

8**  and  4**  Stuttgart,  1887. 

RiDGWAY,  Robert, — A  nomenclature  of  colours  for  naturalists,  and  compendium  of  useful 

knowledge  for  ornithologists.    8°  Boston,  1886. 

Roscoe,  Sir  H.  E,,  and  Schorlemmer,  C— A  treatise  on  Chemistry.    Vol.  III.    8' 

London,  1888. 

Sh erring,  Rev,  M,  i4.— Hand-book  for  visitors  to  Benares.    8*  Calcutta,  1886. 

The  tourists*  guide  to  all  the  principal  stations  on  the  railways  of  Northern  India  from 

Calcutta  to  Peshawar,  Karachi,  and  Bombay;  and  from  Bombay  to 
the  North- West  by  the  Rajputana  Railways.  Including  also  notes  of 
routes  to  some  of  the  Himalayan  Hill  Stations.  5th  edition.  8° 
Calcutta,  1882. 

Thomson,  C  Wyville,  and   Murray,  John.— Report  on  the  scientific  results  of  the 

voyage  of  H.  M.  S.  "  Challenger  "  during  the  years  i873»-76.  Zoology, 
Vols.  XX,  XXI  text  and  plates,  and  XXII.    4"  London,  1887. 

Revenue  and  Agricultural  Department. 

Tryon,  George  1^.— Manual  of  Conchology.    ist  series.  Vol.  IX,  pt.  3,  and  2nd  series. 

Vol.  Ill,  pt.  3.    8"  Philadelphia,  1887. 
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PERIODICALS,  SERIALS,  &c. 

Titles  of  Books,  Donors, 

American  Journal  of  Science.    3rd  series,  VoU  XXXIV,  No.  204  to  XXXV,  No.  306. 

8*  New  Haven,  1887- 1888.  The  Editors. 

American  Naturalist.     Vol.  XXI,  No.  10.    8**  Philadelphia,  1887. 
Annalen  der  Physik  und  Chemie.    Neue  Folge,  Band  XXXIII,  heft   1-3.    8°  Leipzig, 

1888. 
Annales  des  Sciences  Naturelles.    7"*  sdrie,  Botanique.    Tome  VI,  No,  2.    8*  Paris,  1887. 
Annales  des  Sciences   Naturelles.    7'"*  s6rie,  Zoologie  et   Pal6ontologie.    Tome  III, 

Nos.  1-6.    8*  Paris,  1887. 
Annals  and  Magazine  of  Natural  History.  6th  series,  Vol.  I,  Nos.  1-3.    8*  London,  i888. 
Archiv  fur  Naturgeschichte.    Jahrg.   LI  1 1,  Band  I,  heft  2,  and  Band  II,  heft  2.    8** 

Bedin,  1887. 
Athenseum.    Nos.  3138-3150.    4°  London,  1887-1888. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie.    Band  XI,  Nos.  ii-i2,  and  XII, 

Nos.  1-2.    8**  Leipzig,  1887- 1888. 
Biblioth&que  Universelle.    Archives  des  Sciences  Physiques  et  Naturelles.  3"*  P^riode. 

Tome  XVIII,  Nos.  10-12.    8*  Gen&ve,  1887. 
Biblioth^que  Universelle  et  Revue  Suisse.    3"*  P^riode.    Tome  XXXVI,  Nos.  107-108 • 

8®  Lausanne,  1887. 
Botanisches  Centralblatt.    Band  XXXII,  Nos.  11-13.    8^  Cassel,  1887. 
Chemical  News.    Vol.  LVI,  No.  1464  to  LVII,  No.  1476.    4**  London,  1887-1888. 
Colliery  Guardian.    Vol.  LIV,  No.  1407  to  LV,  No.  1419.    Fol.  London,  1887-1888. 
Das  Ausland.    Jahrg.  LX,  Nos.  50.52.    4®  Stuttgart,  1887. 
Geographische  Abhandlungen.    Band  II,  heft  3.    8®  Wien,  1888. 
Geological  Magazine.    New  series.  Decade  III,  Vol.  V,  Nos.  1-3.    8®  London,  1888. 
Geological  Record  for  1879.     ^^^  London,  1887. 
Indian  Engineering.    Vol.  II,  No.  27,  and  III,  Nos.  1-13.    Flsc.  Calcutta,  1887-1888. 

Pat.  Doyle. 
Iron.    Vol.  XXX,  No.  779  to  XXI,  No.  791.    Fol.  London,  1887-1888. 
London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.    5th 

series,  Vol.  XXV,  Nos.  152-154.    8*  London,  1888. 
Mining  Journal.    Vol.  LVII,  No.  2729  to  LVIII,  No.  2741.    Fol.  London,  1887-1888. 
Naturx  Novitates.    Jahrg.  IX,  No.  25,  and  X,  Nos.  1-5.    8**  Berlin,  1^87-1888. 
Nature.    Vol.  XXXVII,  Nos.  946-958.    4"  London,  1887-1888. 
Neues  Jahrbuch  fur  Mineralogie,  Geologic  und  Palaeontologie.    Jahrg.  1888,  Band  I, 

heft  1-2.    8°  Stuttgart,  1888. 
Petermann's  Geographische  Mittheilungen.   Band  XXXIV,  Nos.  1-2.    4°  Gotha,  1888. 
Quarterly  Journal  of  Microscopical  Science.    New  series.    Vol.  XXVIII,  pt.  3.    8*  Lon- 
don, 1888. 
The  Indian  Engineer.    Vol.  IV,  Nos.  8-14.    4*  Calcutta,  1888.  Newman  and  Co, 

Zeitschrift  fur  Naturwissenschaften.    Folge  4,  Band  VI,  heft  3-5.    8**  Halle,  1887. 
Zootogical  Record.     Vol.  XXIII.    8*  London,  1887. 


GOVERNMENT  SELECTIONS,  REPORTS,  &c. 

Assam. — Report  on  the  administration  of  the  Province  of  Assam  for  1886-87.    Flsc. 

Shillong,  1888.  Chief  Commissioner,  Assam. 
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BEWGAU^Qoarteriy  Bengal  Army  List.  New  series»  Na  lo^    ST  Calmtfa,  1888. 

GoTBRmtBMT  OF  IXDUL 

M         Report  on  the  admiiustration  of  Bengal,  iSSMj.    Fbc  Calmtta,  1888. 

Bbvoal  GovntKMBST. 

Bombay^— Brief  sketch  of  the  Meteorolpgyol  the  Bombay  Presdeoqr  in  188M7.    Fbc 

Bombay,  1887.  Mbtbosolooicil  Rbfortbs*  Bombat. 

^         Report  on  the  administration  of  the  Bombay  Presidenqr  for  1886^7.    Fbc 
Bombay,  1887.  Bombat  Govummbht. 

Burma.— Report  on  the  admiiustration  of  Lower  Burma  during  1886-87.  FIsc  Raiigooiw 

1888.  Chibp  CoMMimovBK,  Bubma. 

1 2fDiA«— Cyclone  Memoirs.    Part  L    8^  Calcotta,  1888. 

Mbtborolooical  Rbportbk,  Govbbvmbht  op  Ihdia. 

w       Indian  Meteorological  Memoirs.    Vol.  IV,  pt.  4.    4*  Cakntta,  1887. 

Mbtborolooical  Rbportbr,  Govbrvmbvt  of  Ibdia. 

M       Register  of  original  observations  in  1887,  reduced  and  corrected*    AuguA  to 

November.    4°  Cakntta,  1887. 

Mbtborolooical  Rbportbr,  Govbrvmbht  of  Imma. 

n       Report  on  the  Meteorology  of  India  in  1886.    4*  Cakntta,  1887. 

Mbtborolooical  Rbportbr,  Govbrhmbvt  of  Ihdia. 
„        List  of  Officers  in  the  Survey  Departments  corrected  to  1st  January  1888.    8^ 

Calcutta,  1888.  Rbvbhub  aitd  Aoricitltural  Dbpartmbvt. 

„        Proceedings  of  the  Public  Service  Commission.    Vols.  I-VL    Plsc  Calcutta, 

1887-1888.  Rbvbhub  ahd  Agricultural  Dbfartmbht. 

,y        Proceedings  of  the  Sub-Committee,  Public  Ser^oe  Commission.    Scientific  De- 
partments.   Flsc.  Simla,  1887. 

Rbvbhub  and  Agricultural  Dbfartmbht. 

^        Report  of  the  Public  Service  Commission,  1886-87,  with    appendices.    FIsc. 

Calcutta,  1888. 

Revbnub  and  Agricultural  Dbfartmbht. 

„        Review  of  forest  administration  in  British  India  for  1885-86.    Flsc  Simla,  1887. 

Revenue  and  Agricultural  Dbfartmbht. 

Scientific  Memoirs  by  Medical  Officers  of  the  Army  of  India.  Part  III,  1887. 
4^  Calcutta,  1888.  SuROBON  Gbnbral,  India. 

Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department 
Nos.  234-235.    Flsc.  Calcutta,  1888.  Govbrnmbnt  op  India. 

The   Imperial   Gazetteer  of  India.     By  W.  W.  Hunter.    2nd   edition.   Vols. 

XII-XIV.    8°  London,  1887.  Government  op  India. 

Madras,— Report  on  the  administration  of  the  Madras  Presidency  during  the  year 

188687.    Flsc.  Madras,  1887.  Madras  Government. 
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TRANSACTIONS,  PROCEEDINGS,  &c.,  OF  SOCIETIES,  SURVEYS,  &c. 

Baltimore.— American  Chemical   Journal.    Vol.  IX,  No.  6  to  X,   No.  i.     8®  Balti- 
more, 1887-1888.  Johns  Hopkins  University. 
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Titles  of  Books.  Donors, 

Baltimore. — American  Journal  of  Mathematics.    Vol.  X,  No.  a.    4*  Baltimore,  1888. 

Johns  Hopkins  University. 
„  American  Journal  of  Philology.     Vol.  VIII,  No.  3.    8°  Baltimore,  1887. 

Johns  Hopkins  University. 

„  Johns  Hopkins  University  Circulars.     Vol.  VII,  Nos.  61-63,    4°  Balti- 

more, 1887-1888.  Johns  Hopkins  University. 

„  Johns  Hopkins  University  Studies  in  Historical  and  Political  Science.  5th 

series,  Nos.  li-ia.    8°  Baltimore,  1887. 

Johns  Hopkins  University. 

Basel.— Verhandlungen   der  Naturforschenden  Gesellschaft    in  Basel.     Theil  VIII, 

heft  2.    8°  Basel,  1887.  Nat.  Hist.  Soc,  Basel. 

Batavia.— Tijdschrift  voor  Indische  Taal-Land-en  Volkenkunde.    Deel  XXXII,  afl.  2. 

8"  Batavia,  1888.  Batavian  Society. 

Belfast.— Report  and  Proceedings  of  the  Belfast  Natural  History  and  Philosophical 

Sodety  for  1886-87.    8°  Belfast,  1887.  The  Society. 

Berlin. — Abhandlungen  zur  Geologischen  Specialkarte  von  Preussen  und  den  Thur- 

ingischen  Staaten. 
Band  I,  heft  1-4 :  Band  II,  heft  1-4  and  2  atlases : 
„     III,  heft  1-4  and  2  atlases  :  Band  IV,  heft  1-3  and  3  atlases : 
„     V,  heft  1-4  and  i  atlas :  Band  VI,  heft  1-3  and  2  atlases : 
„     VII,  heft  1-4  and  i  atlas  :  Band  VIII,  heft  1-2  and  i  atlas : 

8°and4°  Berlin,  1872-1887.  K.  Preuss.  Geol.  Landesanstalt. 

„         Jahrbuch  der  Koniglich  Preussischen  Geologischen  Landesanstalt  und  Berga- 
kademie  zu  Berlin.  1880  to  1885.    8°  Berlin,  1881-1886. 

K.  Preuss.  Geol.  Landesanstalt. 

„         Zeitschrift  der  Deutschen  Geologischen  Gesellschaft.    Band  XXXIX,  heft  3. 

8*  Berlin,  1888.  German  Geological  Society. 

Bologna.— Memorie  della  R.  Accademia  della  Sdenze  deW  Istituto  di  Bologna.  Series 

IV,  Tome  VII.    4°  Bologna,  1886.  The  Academy. 

Bombay. — Journal  of  the  Bombay  Branch  of  the  Royal  Asiatk:  Society.    Vol.  XVIII, 

No.  46.    8°  Bombay,  1887.  The  Society. 

„  Journal  of  the  Bombay  Natural  History  Society.  Vol.  II,  No.  4,  8"  Bombay, 

1887.  The  Society. 

Boston.— Proceedings  of  the  American  Academy  of  Arts  and  Sciences.     New  series. 

Vol.  XIV,  pt.  2.    8**  Boston,  1887.  The  Academy. 

Brisbane.— Proceedings  and  Transactions  of  the  Queensland  Branch  of  the  Royal  Geo- 
graphical Society  of  Australasia.  Vol.  II,  pt.  3.    8"  Brisbane,  1887. 

The  Society. 
Brussels.— Bulletin  de  la  Socidt^  Royale  Beige  de  G^graphie.    Ann6e  XI,  No.  6.    8^ 

Bruxelles,  1887.  The  Society. 

BufiNOS  Aires.— Actas  de  la  Academia  Nacional  de  Ciencias  en  Cordoba.    Tomo  V. 

No.  3.    4*  Buenos  Aires,  1886.  The  Academy. 

„  Boletin  de  la  Academia  Nacional  de  Gencias.    Tomo  X,  No.  i.    8* 

Buenos  Aires,  1887.  The  Academy. 
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TxiUi  of  Books,  Donors. 

Calcutta. — Journal  of  the  Asiatic  Society  of  Bengal.     New  series.  Vol.  LVI,  pt.  I, 

No.  3,  and  pt.  II,  Nos.  3-4.    8^  Calcutta,  1887-1888. 

Thb  Socirtt. 

Proceedings  of  the  Asiatic  Society  of  Bengal.     No.   IX-X    1887,  and 
No.  I  1888.    8°  Calcutta,  1887-1888.  Thb  Society. 

Palaeontologia  Indica.    Series  XIII,  Vol.  I,  pt.  7.    4°  Calcutta,  1888. 

Gbological  Survry  op  India. 

Records  of  the  Geological  Survey  of  India.    Vol.  XX,  pt  4,  and  XXI ,  pt.  i. 
8^  Calcutta,  1887-1888.  Geological  Survey  of  Ikdia. 

„  Report  of  the  Archaeolog^ical  Survey  of  India.    Vol.  XXI  11.    8®  Calcutta, 

1887.  Revenue  and  Agricultural  Department. 

„  Report  on  the  CalcutU  Public  Library  for  1887.    8°  Calcutta,  1888. 

The  Library. 

„  Survey  of  India  Department.    Notes  for  November  1887  to  February  1888. 

Flsc.  Calcutta,  1887-1888.  Survey  op  India  Department. 

Cambridge.— Proceedings  of  the  Cambridge  Philosophical  Society.    Vol.  VI,  pt.  3.    8** 

Cambridge,  1888.  The  Society. 

Cambridge,  if fls*.— Bulletin  of  the  Museum  of  Comparative  Zoology.    Vol.  XIII,  No.  6. 

8°  Cambridge,  Mass,  1887.  The  Museum. 

Cassel. — Das    Kdnigliche  Mineralogische    Museum  zu  Dresden.     Von  Dr.   Hanns 

Bruno  Geinitc.    8°  Dresden,  1873.  The  Museum. 

Fuhrer  durch  das  K.  Mineralogisch-Geolog^sche  Museum  in  Dresden.    Von  Dr. 
Hanns  Bruno  Geinitz.    8^  Dresden,  1879.  The  Museum. 

Mittheilungen  aus  dem   K6niglichen  Mineralogischen  Museum  in  Dresden. 
1868-1875  and  heft  1-7,  1876-1886.     8°  and  4°  Cassel,  1868-1886. 

The  Museum. 

Cincinnati. — Journal  of  the  Cincinnati  Society  of  Natural  History.    Vol.  X,  No.  4.    8* 

Cincinnati,  1888.  The  Society. 

Copenhagen. — Mdmoires  de  TAcad^mie  Royale  de  Copenhague.    6"*  sdrie,  Vol.  IV, 

Nos.  4-5.    4**  Copenhagen,  1887.  The  Academy. 

„  Oversigt  over  det  kong.  Danske  Videnskabernes  Selskabs.      No.  2. 

8°  Copenhagen,  1887.  The  Academy. 

Dresden. — Sitzungsberichte  und  Abhandlungen  der  Naturwissenschaftlichen  Gesellshaft 

Isis  in  Dresden.    Jahrg.  1887,  July— Dec.    8®  Dresden,  1888. 

The  Society. 

Dublin. — Journal  of  the  Royal  Geological  Society  of  Ireland.     New  series,  Vol.  VIII, 

pt.  2.    8°  Dublin,  1887.  The  Society. 

Edinburgh.— Scottish  Geographical  Magazine.     Vol.  IV,    Nos.  1-3.     8°  Edinburgh, 

1887-1888.  The  Society. 

Frankfurt-a-Main. — Abhandlungen   von    der    Senckenbergischen    Naturforschenden 

Gesellschaft.     Band  XV,  heft  i.     4°  Frankfurt-a-Main,  1887. 
Leide.— Annales  de  rfecole  Polytechnique  de  Delft.    Tome  III,  livr.  3.    4**  Leide,  1887. 

^colr  Polytechnique  de  Delft. 

Leipzig.— Mittheilungen  des  Vereins  fur    Erdkunde  zu  Leipzig.  1886,   heft  1-3.    8° 

Leipzig,  1887.  The  Society. 
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PART  3.]  Additions  to  the  Library. 

Titles  of  Books*  Donors, 

LivBRPooL.— Proceedings  of  the   Liverpool  Geological  Society.    Vol.   V,  pt.  2.    8® 

Liverpool,  1886.  Thb  Socirty. 

Lisbon. — Communipacoes  da  Commissao  dos  Trabalhos  Geologicos  de  Portugal.    Tom 

I,  fasc.  2.    8°  Lisboa,  1887. 

Geological  Commission,  Portugal. 

London.— Catalogue  of  the  Fossil  Mammalia  in  the  British  Museum  (Natural  History). 

Part  V.    By  R.  Lydekker.    8°  London,  1887.  The  Museum. 

„  Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland.     Vol. 

XVII,  No.  2.    8"*  London,  1887. 
„  Journa  of  the  Iron  and  Steel  Institute.    No.  2.    8°  London,  1887. 

The  Institute. 

,9  Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland.    New 

series.  Vol.  XX,  pt.  i.    8°  London,  1888.  The  Society. 

Journal  of  the  Society  of  Arts.    Vol.  XXXVI,  Nos.  1830-1842.    8°  London, 

1887-1888.  The  Society. 

Proceedings  of  the   Royal   Geographical  Society.     New  series.  Vol.   IX, 

Nos.  11-12,  and  Vol.  X,  No.  i.    8"  London,  1887-1888.    The  Society. 

„  Proceedings  of  the  Royal  Institution  of  Great  Britain.    Vol.  XXII,  No.  81. 

With  list  of  Members  for  1887.    8*  London,  1887. 

The  Institution. 

„  Proceedings  of  the  Royal  Society.    Vol.  XLIII,  Nos.  259-260.    8°  London, 

1887.  The  Society. 

„  Quarterly  Journal  of  the  Geological  Society.    Vol.  XLIII,  pt.  4,  No.  172. 

With  list  of  Fellows  for  1887.    8°  London,  1887.  The  Society. 

Manchester.— Transactions  of  the  Manchester  Geological  Society.    Vol.  XIX,  Nos. 

13-15.    8°  Manchester,  1888.    .  The  Society. 

Melbourne. — Natural  History  of  Victoria.    Prodromus  of  the  Zoology  of  Victoria;  or 

figures  and  descriptions  of  the  living  species  of  all  classes  of  the 
Victorian  indigenous  animals.  By  Frederick  McCoy.  Decade  XV. 
8'  Melbourne,  1887. 
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The  Manganese-iron  and  Manganese-ores  of  Jabalpur^  by  Pramatha 
Nath  Bose,  B.Sc,  ^.QSi.,  Deputy  Superintendent,  Geological  Survey 
of  India,     (With  2  maps.)^ 

The  pyrolusite  of  Gosalpur  was  first  brought  to  the  notice  of  Government  by 
Mr.  W.  G.  Olpherts  in  1875.  It  was  examined  in  1879  by  Mr.  H.  B.  Medlicott, 
late  Director  of  the  Geological  Survey,  and  a  note  on  the  ore,  with  an  analysis  of  it 
by  Mr.  Mallet,  was  published  in  the  "  Records  "  of  the  Survey  for  that  year  (Vol.  XII, 
p.  99).  Four  years  later  Mr.  Mallet  examined  the  iron-ores  of  the  n(»thern  portion 
of  the  district  of  Jabalpur.  In  his  very  valuable  and  comprehensive  paper  on  those 
ores  ('*  Records,"  Vol.  XVI),  there  is  a  brief  notice  of  the  Manganese-ores  of  Gosal- 
pur. He  was,  I  believe,  the  first  to  point  out  the  existence  of  psilomelane  in 
association  with  manganiferous  hematite,  the  latter  forming  a  band  in  the  Lora  group' 
at  Gosalpur  and  Khatola. 

In  1884  Mr.  C.  W.  McMinn,  then  Deputy  Commissioner  of  Jabalpur,  sank  a 
number  of  pits  to  ascertain  the  extent  of  the  manganese-ores  at  Gosalpur.  In  the 
same  year  Dr.  King,  the  present  Director  of  the  Survey,  paid  a  hurried  visit  to  the 
place  from  Jabalpur.  During  the  Durga  Puja  holidays  last  year,  the  ores  were  fur- 
ther explored  hy  Mr.  E.  J.  Jones  of  the  Geological  Survey.  After  Mr.  Jones'  return, 
I  was  deputed  by  the  Director  about  the  middle  of  October  last  to  continue  the 
exploration. 

On  arrival  at  Gosalpur,  I  found  a  number  of  pits  and  trenches  excavated  by 
Messrs.  McMinn  and  Jones,  of  which  Mr.  McMinn's  pits  had  been  partially  filled  up. 
I  had  these  cleaned,  and,  where  necessary,  deepened,  and  started  a  number  of  fresh 
excavations  in  different  parts  of  the  village.    I  found  that  the  pyrolusite  occurred  in 

^  Map  I  only  published  now  :  Map  a  will  appear  in  next  number  of  the  Records. 
*  One  of  the   groups  into  which  the  Bij&war  formation  has  been  divided,  called  after 
the  Lora  range  near  Sihora.    (Vid€  Records,  Vol.  XV I»  p«96') 
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utA  a.TiOr.^  q;nurtcrjiA,^  vtodi  vere  w.^iwjwiiili  tead  Id  inviriiblj  acoompony  the 
lyyrai  {!rr<>cp,  i'jrrrATiSt  proioLlj  -ii  base,  aad  vto^  for tbenkeof  conTenience,  Ihave 
i\»:t'ttirri2U'A  u  Gottlpcr  qoanz^tes.  I  fosfti,  i]h>,  dnt  Ae  Longioiip  formed  a  dis- 
tinct ft^rnclinal  joit  vest  c^  Gosalpnr,  the  Bu^iiiifierov  and  odier  Loia  strata  which 
crop  out  here  re-appearing  in  the  Cbaknadha  hill,  a  mik  and  a  half  west  of  Gosal- 
pur,  l/ut  with  the  dip  reversed.  Widi  tfiese  does  I  tiaced  die  ptil^wulam  and 
pyrolutili  over  a  rather  wide  area,  included  partlr  in  Sihora  and  partly  m  Jabalpor 
Tahfiil.  liut  though  spread  over  snch  a  hugt  area,  die  quantity  of  pyrohuiit  does 
ncit  appear  to  \a:  to  great  as  might  be  expected.  I  most  observe,  however,  that  none 
of  the  localities  was  searched  so  minutely  as  Gosalpnr;  and  that  the  present  report 
is  to  l;e  taken  rather  as  indicating  the  directions  in  which  fyrolusiti  or  psiitmekni 
Is  to  Ik;  looked  for,  than  as  giving  an  exact,  or  even  an  approximately  exact,  esti- 
mate  of  tlie  ore-bearing  capabilities  of  the  entire  area.  However,  enough  has,  I 
venture  to  think,  been  done  for  exploration  purposes  in  the  northern  portion  of 
the  J5i]awar  ground.  With  regard  to  the  southern  Bijawar  ground,  west  and  sootb- 
wcsl  of  Jabalpur,  I  had  time  only  to  pay  a  hurried  visit  to  it.  I  found  psikmelam 
in  the  Lora  group  at  Nonsar,  i  a  miles  north-north-west  of  Jabalpur,  on  the  road  to 
Ftttun.  The  Lora  group  also  occurs  at  Gangai  (a  shwt  distance  south  of  the 
Marble  Rocki  near  Jabalpur) ;  and  it  is  possible  that  both  fyrolusiie  and  psilawh 
0laH€  will  be  found  in  it.  I  would  recommend  that  the  unspent  portion  of  the 
inanguncNc  exploration  fund,  amounting  to  R75-7,  be  devoted  to  the  exploitation 
of  this  urra. 

Tlic  (*oiUral  IVovinccs  Government  made  a  grant  of  R500  for  the  manganese 
rxplorution  ut  (lonalpur.  When  I  found  that  the  ores  extended  &r  beyond  this 
pltii  o,  1  trird.  ))v  exercising  strict  economy,  to  make  my  work  cover  the  entire  area 
wiihout  rxrcvilltig  the  grant;  K450  only  was  drawn  by  me,  and  of  this  amount 
lilt  uuhpriii  luluiu'o  of  Ka5.7  has  been  deposited  with  the  Deputy  Commissioner 

I  Ua\o  to  m^ohl  niv  thnnkj)  to  Messrs.  C.  W.  McMinn  and  F.  C.  Anderson, 
r»nuu\wnUMUM  \\\\\\  IVpulv  Commissiouer,  respectively,  of  Jabalpur,  when  I  started 
\\«Mk.  Um  \\w  iraxbuosts  with  which  they  gave  me  every  assistance  that  lay  in  their 
l^«\\ « \  X\w  \\w\W\  \Miil  ,HU  inspection  visit  while  the  exploration  was  in  progress; 
,\\\\\  \\  w  \\\\\  Iv  >'Ar.o^l  MKOcs»tul  in  any  sense,  not  a  little  of  the  success  is  owing 

\  \\\\s^  \\\  \\\\x  w\\>\\  \\\c\\  to  pct^scnt  the  economic  results  of  the  exploration. 
\  ^V-,M\^»».M\^  \\h^  *\  A\x*  X Ivo:;^  v>!  ;hcorv::ca;  ia^elresl  will  be  discussed  in  a  separate 
X,  1*0**  wJ^is^  \\\;i  *s^  >uV«v;:oxl  :o  :hc  Dinxnor  Jiter  on. 

\     \U\\ W^VKOV-S   l-i^MAr.TS  AND   PSILOMELAXE. 
V       MVNv  K^.^VXO;^   HiMATITE. 

\\k    ..!...,•  .  X  o  XX  S  .-*,  V  *  x\Nr.?:xv:  jl::=^'«:  exchis^y^i)  ibe  Loca  group. 

^  ,    ,    .  ,x  .  ,  ,^. '    \    .SN.    v  Nv  ^  ^  s'X  »■::  X*  $r<cii:>  =sccoed  bercaher.    The 

.,,    ,      .     .     ,    ^^      A    V  Av  «o^vv>  ^- Sf -ii: irc^rr ss  =i:caottx»^ion-ore. 
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and  the  former  curiously  following  the  flexures  (which  are  sometimes  very  sharp) 
of  the  latter. 

The  micaceous-iron-handed  quartzite,  t>.,  quartzite  with  interbedded  layers  of 
micaceous  hematite,  is  generally  too  poor  to  be  worked  profitably.  But  at  places  the 
micaceous-iron-ore  is  very  rich,  the  quartzite  element  being  entirely,  or  almost 
entirely,  wanting.  This  richness  usually  takes  place  on  comparatively  low  ground. 
The  highest  points  of  the  ridges  are  almost  invariably  formed  of  contorted  quartzites 
with  layers  of  micaceous  hematite. 

When  the  micaceous-iron-ore  is  very  rich,  as  at  the  foot  of  Santok  hill  (Gosalpur), 
the  rock  may  be  called  a  micaceous-hematite  schist.  Such  micaceous-hematite 
schist  was  seen  in  the  direction  of  the  strike,  as  well  as  across  it,  to  pass  into  the 
folded  quartzose  rocks  with  thin  layers  of  the  ore  at  Dharampur  and  elsewhere. 

The  micaceous  hematite  sometimes  passes  almost  imperceptibly  into  mangani- 
ferous  hematite,  which  appellation  is  here  given  to  hematite  in  which  the  presence  of 
manganese  is  discernible  with  the  naked  eye,  for  there  can  be  hardly  any  doubt  that 
this  mineral  is  also  present  in  the  micaceous  hematite,  though  as  mere  traces.  In 
proportion  as  the  micaceous-iron-ore  becomes  manganiferous,  it  loses  its  character* 
istic  micaceous  lustre,  and  becomes  more  earthy-looking  and  massive.  The  shales 
interstratified  with,  and  overlying,  or  underlying,  the  micaceous-iron-banded  quart, 
zites  are  also  frequently  impregnated  with  manganiferous  hematite  in  varying  degrees 
of  richness. 

The  manganese  in  the  manganiferous  hematite  is  usually  present  as  nests  and 
thread-like  veins  of  pstiom^iane,  besides  being  disseminated  in  the  matrix. 

In  theLora  hill  area  (in  which  I  include  the  entire  area  stretching  from  Daima- 
pur  to  Murhasan),  manganiferous  hematite  in  workable  quantity  was  found  at  the 
following  localities : — 

I. — Dharampur  {including  Hirdenagar), — Close  to  the  boundary  between  this 
village  and  Deonagar,  on  the  western  slope  of  the  ridge  running  south-west  from 
Gosalpur,  a  trench  exhibited  the  following  section  (commencing  at  the  north-west- 
em  end) : — 

8'  Soft  whitish  talcose  slaty  shales  (chuht)  dipping  north-north-west. 

18'  Obscured. 

11'  Shales. 

18'  Obscured. 

32'  Decomposed  earthy  rocks  with  traces  of  micaceous  hematite. 

24'  Obscured. 

13'  Whitish  shales  with  a  little  micaceous  hematite. 

28'  Shaly  and  quartzose  rocks  with  some  micaceous-iron-ore. 

15'  Micaceous  hematite. 

3'  Banded  jaspery-looking  rock,  with  limonite  towards  surface,  dipping  N.  35  W. 
6'  Obscured. 

78'  Soft,  thinly-stratified,  whitish  and  yellowish  talcose  shales. 

13'  Obscured. 

32'  Micaceous  manganiferous  hematite. 

10'  Shales  impregnated  with  psilomelane. 

A  trench  three-quarters  of  a  mile  north-east  of  this  trench,  on  the  road  from 
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1*ol.i  Illiilcnag.ir  to  Dharampur  showed  the  following  section,  commenciBg  at  the 
nnttli.wrftfrrn  oiul  (about  57  feet  from  it): — 

I  i'  MasHive  limonitc,  ^ith  segregated  psilowulant  at  the  smftice. 
S'  Sluily  rocks. 

I  i'  Sluly  rocks  (rather  thick-bedded)  with  some  manganiferoos  hematite. 
.Vr  Shrtloi  (imrtly  obscure), 
ft'  Manganiferous  hematite  ^ith  fisilomeiane, 
I  ft'  Shales  with  a  little  micaceous  iron-ore. 
17'  Manganifcrous  hematite. 

I  i'  SiUi,  ilrcom|H>scil,  earthy  rocks,  with  micaceous  iron-ore. 
t^'  SimI  to  a  depth  of  4'  with  fragments  of  micaceous  iron,  manganiferoos  hema- 

titc»  Ac. 
ft'  OliMCurcd. 

A  iiriii  h  a\m\\\\  threc-<]uartors  of  a  mile  east  of  the  village  of  Dharampor.  and  dose 
to  \\w  lumiulaiv  )>ciwcen  it  and  Murta  (a  deserted  village),  exhibited  a  rather  rich 
dopomi  «)|  nunj^aniicnMis  hematite.  Commencing  from  the  north-western  end  the 
I  loan  I  Ml  iJivcN  the*  follo\^inif  section  : — 

tfS'  MicA«Tini!t^iit^n-lvinv)cd  quanzite  (poor). 

4'  Kbujianitf^nnts  hematite  (^with  massi\-e /n7<9airi!aiM  at  the  surface). 
8S   Mu iuooii*  M^Mi  banded  quartxiie  (poor). 
,i*^"  S«  huioite  «\u*A\Yows  iron  ^^raihcr  rich). 
14'  Mu'uvous  4^Mvlvlndcd  quartziie. 

^^'    tM»M'U»t*d. 

4'  Sihi^tiVNe  nuoaceiM»  iron  (rich)  apparently  much  'crushed/  with  abundant 
/.*;;.••**.'.)*..     I  rhc  dip  obscrxed  $0  far  poinu  N.N.W.] 

I )    M.in^.uuloton$  hematite,  vcrv  rich  in  fttt^omehne^  apparently  much  crushed. 
^^  i   Muacoous  horn  at  ue  at  p.aces  lich  in  /,«.V«Wj»i^. 
A  pit  iU»ii  at  this  end  sho^Vvl  v^*^''^*^  ^^<^  surf.-ice> — 

« 0'   I  ar,t;o  t'livks  iM'  ap')>Aicir«'.y  much  crushed  manganiferous  hematite  with 
abundant  /v*i«Vi«.  /,:*, , 
^\"  Schjst^^so  micaceous  iron  \^-.:h  a  1  iit >/*«'■> jwr.*j»w. 
Anothei  |Mt»  ^4  loet  south-eas:  oi  last  showcxi  from  the  surface^ 
J  ^'   l^Ti^v  bUvks  ot  f^:..n4.\:x4\ 
J  0'  Lai^o  bKvis  ot  ^A:.Vn«.\:i».  ^bm  harder)  ^iih  bits  of  micaceous  hematite. 

4'  Sv^hisiiVie  micaceous  hemav.ic, 
7/.  ti\'s>%j#'/fc-.~A  cios^^-cu:  hero,  a  iiif.e  Ws  than  half  a  mile  north-west  of 
the  d<^k  buui^alow,  i^ax^e  the  toV.ow/ai;  $eci;on,  commencing  a  few  feet  from  the 
noith  >\esteinend  : — 

0   Ma«i»an^ter\Mts  hematite  ocry  rich}.    /Vj.Vw/.jw  in  large  botryoidal  masses 
AX  the  SUM  ace. 
I  \'  M.uijjauiiorovts  henutiie  i;radual'.y  Ivconiiui:  poorer,  southward. 

^'    iH^CUTod. 

iS'  S*^tt  micacovMis  iron-ore. 

8*  Micaceovis-iion-bsuvlevl  o,uartn;c.     [IThc  d:p  so  far  appears  very  high  and 
pomis  to  N.N.W.  to  N.W.j 
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25'  Obscured. 

43'  '  Crushed '  quartzoze  rocks  with  manganiferous  hematite,  rather  rich  at 
places, 
8'  Micaceous-iron-banded  quartzite. 
43'  Schistose  micaceous  hematite  with  a  little  psihmeiane,  dipping  N.N.W.  60**. 
The  cross-cut  at  the  northern  edge  of  the  ridge  north-west  of  the  d&k  bunga- 
low, locally  known  as  Santok  hill,  about  a  quarter  of  a  mile  north  of  the  bunga- 
low, gave  a  good  section.    The  trench  was  dug  partly  by  Mr.  McMinn  and  partly 
by  Mr.  Jones.    It  was  deepened  by  me  at  places.    Commencing  at  the  north- 
western end  the  section  is  as  follows  : — 

7'  Reddish  and  purplish  slaty  shales,  dipping  55*  N.W.  by  N. 
4'  Manganiferous  hematite  with  thin  veins  of  psihmelane.    The  surface  of  the 
hematite  bed  is  botryoidal  at  places,  the  psihmelane  veins  following  the 
contour  of  the  concretions. 
35'  Soft,  talcose  shales,  at  places  impregnated  with  iron-ore. 
28'  Schistose,  micaceous  hematite. 

8'  Same  as  above,  but  blacker,  more  massive-looking,  richer,  and  with  occasion- 
al veins  and  nests  of  psilomelans. 
12'  Schistose  micaceous  hematite. 

8'  Micaceous  hematite  partly  with  veins  and  nests  of  psilomelane. 
22'  Argillaceous  rocks,  with  some  micaceous  hematite. 
42'  Mottled  quartzose  rocks  more  or  less  obscured  at  places. 
///. — ^At  Pahrewa  (a  mile  and  a  half  south  of  Sihora)  and  at  Khatola,  the  manga- 
niferous iron-ore  is  fairly  rich  at  places.     Close  to  the  boundary   between  Sukra  (a 
deserted  village  just  east  of  Khatola)  and  Surda,  a  trench  gave  the  following  section^ 
proceeding  from  its  north-western  end  : — 

^30'  Manganiferous  hematite,  very  rich  at  places. 
24'  Covered  up. 
21'  Manganiferous  hematite. 
2/  Obscured. 

1 5'  Schistose  micaceous  hematite. 
8'  Obscured. 

17'  Micaceous-iron-banded  quartzites,  much  folded  and  crumpled. 
IV,  Gogra.-^Along  the  southern  slope  of  the  Lora  range  the  manganiferous 
ore  is  very  rich  at  places.    It  is  especially  so  at  Gogra,  close  to,  and  at,  the 
boundary  between  this  village  and  Danwai.    There  are  some  mines  here  which 
have  for  some  time  past  been  supplying  the  furnaces  of  the  entire  neighbourhood. 

V, — Aiangela  (a  deserted  village), -^Kere,  too,  the  ore  appears  to  be  rather  rich. 
There  are  some  old  mines  here. 

With  regard  to  the  other  outcrops  of  the  Lora  group,  manganiferous  hematite 
does  not  appear  to  be  present,  at  least  to  any  considerable  extent,  in  the  band  stretch- 
ing  from  south  of  Chattarpur  to  Saroli,  as  well  as  in  the  Lamehra  range  of  hills. 
I  am  not  also  aware  of  its  occurrence  in  the  outcrop  south-west  of  Bhera  Ghat. 
Neither  of  these  bands,  however,  was  closely  searched. 

In  the  Lora  patch  at  Nonsar  (12  miles  north-west  of  Jabalpur,  on  the  road  to 
Patau)  manganiferous  hematite  was  found  to  exist. 
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manganese*ore  were  found  along  hill  slopes,  bnt  the  search  for  the  ore  in  stiu  from 
which  the  blocks  may  have  been  derived  proved  fruitless. 

The  quartzose  strata  after  an  interspace  of  about  a  mile  re-appear  north-east  of 
Darsaniy  richly,  impregnated  with  psilomelane  and  other  manganese-ores.  They 
form  a  ridge  running  in  the  direction  of  strike  for  about  2  miles.  The  manganese 
and  iron-ores  here  are  very  much  mixed  together.  The  former  predominate  in  the 
hill  just  north-east  of  Darsani,  as  also  on  Kasai  (or  Kushi)  hill.  A  pit  opened  on  the 
souUi-eastem  slope  of  the  former  exhibited  some  16  feet  of  the  ore,  which  appears 
to  be  mostly  psilomelane.  In  the  Kushi  hill  a  distinct  syncline  was  observed.  This 
hill  will  be  again  noticed  in  connection  with  fyrolusiie.  The  quartzose  strata  of 
Ponriy  Darsani,  and  Kushi  hill  probably  belong  to  the  Lora  group,  and  have,  in  all 
likelihood,  come  up  by  an  anticlinal  flexure. 

A  large  quantity  of  psilomelane  in  the  form  of  nodules  occurs  at  Gosalpur  (Area 
J,  Map  of  Gosalpur).  And  a  little  of  the  mineral  in  intimate  association  with  pyro- 
lusUe  also  occurs  at  this  place  and  elsewhere. 

From  the  mode  of  occurrence  of  psilomelane  it  is  impossible  to  form  anything 
like  an  estimate  of  the  quantity  present  The  quantity  of  pure  psilomelane  cannot 
be  very  great,  as  it  is  chiefly  confined  to  the  suHiace.  Still  it  is  probably  greater 
than  that  of  pyrolusiie.  The  quantity  of  manganiferous  hematite,  with  veins  and 
nests  of  psilomelane^  must,  however,  be  regarded  as  practically  inexhaustible. 

An  assay  of  an  average  specimen  of  the  manganiferous  hematite  (from  Danwai 
mine)  made  by  Mr.  Mallet,  gave  the  following  result  (Rec,  Vol.  XVI,  p.  loi)  : — 

Ferric  oxide         ••...•••    66*33  ""  Ifon  46*43 
Mangan4S9  (with  traces  of  cobalt)           ,         .         •         .     ia*fl6 
Oxygen 6*83 

Phosphoric  acid '27 

Salphuric  acid .'03 

Sulphur trace 

Ignited  insoluble  residue         • 9*55 

Lime,  alumina,  water  and  undetermined  .         •         •         •      4*76 

100*03 

The  ore  would  be  useful  for  the  manufacture  of  steel.  At  present  it  is  used  for 
the  manufacture  of  a  kind  of  a  steely  iron,  known  as  kkeri.  A  brief  account  of  the 
kheri  industry  will  be  found  in  Note  A. 

A  specimen  of /j//(;»r^Az»^  analysed  by  Mr.  Mallet  yielded  83*10  per  cent,  of 
the  available  peroxide. 

II.— Pyrolusite. 

Its  distribution  is  generally  co-extensive  with  that  of  the  Gosalpur  quartzites.' 
At  places,  however,  the  mineral  is  present  as  mere  traces.  It  was  found  in  any 
quantity  at  the  following  localities : — 

1.  Gosalpur — Except  in  the  ground  just  in  front  of  the  dAk  bungalow  (some 
50  yards  to  south-east  of  it),  the  pyrolusiie  occurs  here  in  and  among  the  Gosalpur 
quartzites,  usually  soft,  decomposed,  and  blue-coated  at  the  outcrop.  Sometimes 
the  rock  is  hard,  and  either  white  or  red  in  colour,  assuming  in  the  latter  case  the 

*  A  band  underlyin^r,  and  (Probably  forming  the  base  of,  the  Lora  group. 
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^pctrance  of  wper.  Wbcrever  sncb  is  die  case,  manganese-ores  are  wanting.  Fre- 
«)uciuly  ihe  rock  Appca»  as  a  conclomcrate  or  breccia,  fragments  of  soft,  decomposed 
V9u>mciinie$  almc^  }v«  ierr^  qmjtdie  being  cemented  together,  as  it  weie,  bj  a 
nuui)[  «M  Hr«*«^v««A  cv  :ron<ore.  Wherever  sncb  a  rock  crops  ont,  mangmmu  or 
in^n*oir  is  i«>«nd  in  ^ocne  i;uui;iiT  br  digging  dose  to  it  through  the  soil-cap  under 
^hicb  ii  |>A»&cis  the  naiurt  c^'  ibe  ore  being  determined  bj  that  of  the  "matrix"  at 
the  ouioix^p. 

I1i^  «)UAnr;i(i(  haxt  ihc  cenenJ  Bijavar  strike  of  the  area,  ns.,  N.E.-S.W., 
'I'bc  \1ip  t»  ot^^rurc ;  it  was  foncd  :o  be  i«it  high  (abont  80^  pointing  S£.,  some 
i<x^  \an)s  nor.h  iM  ibc  ^Uk  bur.c&^ov. 

'V\w  ilMAil$  vM  sonic  OS  ibc  saecuons  as  eiposed  bj  the  pits  (see  Map  of  Gosalpor) 
Ai  \\\\t  y\xc<  mA\  n^-i  be  ur.-.r.;etrc$::rc.  The  great  majority  of  them  may  be  grooped 
\\\  uo  hiwi«  i^v^  le  5 AT  feci  a}x2n.  running  nearly  £. — ^W.,  roughly  parallel  to  c»ch 

i\Nmmcnoin<  xi::h  Pi:  No.  XIII,  a:  tiie  v^estem  extremity  of  the  southern  line  of 
|xil3k,  the  >«\^:u\n«  arc  a*  ^^llo»:s . — 

r«  \in. 

I  \'  S»m1  ^i:h  (trisn*  An*i  n.v^ute  o:  irDn-OR. 

0  l^i^ix"^  bUv  ks  o:  bc»A:::i'.  some  wi-ii  fragments  of  decomposed  quartz  rock 

)\A%v.nc  bc-0«  in^o  *Wosr.TOsed  quarries  miih  veins  of  hematite. 
IN<  \l\  vV^-  bv.r./.rc/  Ar^.i  s^^-carr-tve  feel  east-north-east  of  last  pit  It  is  an 
oKl  Ui,<\\  >\;\u;ixh  r  **  woA$urr.c  r^  f««  eaa  ;o  west.  At  its  northern  end  there  is 
An  o«t%  ixY  *^«  *^  r».viAV--  n'-*-'"-^=«^  ^'-'•her  coated  blue  or  having  the  appearance 
s\\  A  "tM<^^\^A.  sttoh  **  bA*  N*cT,  .^cscrbed  ahore.  The  pit  was  deepened  at  two 
ciuU  u^  j5.^  u^t  At  ih^*  >»ci^:n,  «r5.:  11  :?ic:  a:  xbe  eastern  end. 

1  So:*.  \^  ;ih  V'.xvks  ^>!  <;:M-.r  :c 

I  I'lums  A'.^i  no.*.u>*  o:  :ror-ccc.  wi**h  a  few  occasional  grains  of  pyrolusite 
Ar.v!  ;:.'iC'.v.cr.:s  .M  ^;:a:'L'::c. 

^  ^''  Abwn*:-iv.  /sf..,-»c,  -«•  v.*  :'i:  r.jtTr  rr.&i:$e!!;,w:di  which  are  associated  pyrolu- 
.»...  A«v'.  hc:v.AV.:c  *s  crsL::?  ir.i  r^v-UiC*. 

The  >h>in  .-.;  :hc  x^r>:c:r.  cr.:  .M  :hc  p.i  ciscl.-tsed  below  the  last-mentioned  layer  a 
ihivViVNii  0!  — 

33  c^*  01  .UvonVjNVCs'..  :\\:cr..  cr::r.:V>.  '•h.ush,  rel'.jwisb,  and  mottled  speckled 
o,uAr:r-:vVk  x*:,h  xc.r.s  ar:.:  ryc$:*  o:  /i-«-,*j:.V.  passing  below  into  similar 
^'.CvK^n'ipojic*'.  s',Hvk>,:  r^vk,  bu:  '■iihou:  Oiese  veins  and  nests.  Small 
lvvVr;s  0!  \\cV.-c:>^A.l;<s^.i  fi  •/;».';;,•  were  foond,  however,  in  the  latter 
;V.  \ai:*>us  d;'p:hs.  The  si'j\N:k*cd  ippcjLnnoe  is  due  to  the  presence  of 
biowiv.sh  i^pcckss  >*h:ch  x^:'.*.  y«c  dcsc^.^^^vi  bereaKcr. 

Pii  XIX.—  Tx\o  huudr^a  Aui  :x\?r.:y.£vc  :e?:  :o  ci^  of  last— 

o'  Soil 

3  {>    riiiv.  tbi  And  bo'«*vou-al  :::issc5  of  pilr^.^nt.  wiih  some  pyrolusitt  (the 
former  pteK'ottv.:u:inj:  '.iTj:xv>^-  *"«^-  criins  and  nodules  of  iron-ore. 
4*  Pcooiiiposed  >cV.ow:5h  ar.d  nuxUco  ^uiHi-rock,  with  \*eins  and  nests  of 

Pit  XV.— Fifty  fee:  cast  0:  las:— 

r  Soil. 
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4'  Nodules  and  grains  of  iron-ore,  and  of  pyrolUsiie  largely  associated  with 
psilamelane. 
^6"  Yellowish  decomposed  qaartz-rock  with  nodules  of  earthy-looking  pyrolu- 
site  (?). 
3'  Yellowish,  decomposed,  quartz-rock,  with  veins  and  nests  of  pyrolusiU  (?), 

which  disappear  towards  bottom. 
Kt  III. — Two  hundred  feet  east-south-east  of  last — 
i'  Soil. 
t"  Nodules  and  grains  of  iron-ore,  with  a  little  pyrolusiie  towards  base. 

3'  Grains  and  nodules  of  iron-ore  and  of  pyrolusite,  the  latter  measuring 
y  to  2"  across,  and  associated  with  psilomelane  (but  not  so  largely  as  in 
the  previous  pits). 
3*6"  Decomposed  quartz-rocks  with  grains  and  nodules  of  pyrolusiie. 
Pit  XXVIII.— One  hundred  feet  east  of  last- 
s' Soil. 
2(i'  Nodules  and  grains  of  pyrolusiie  and  of  iron-ore,  the  former  averaging 
probably  less  than  \  inch  in  diameter. 
i'  Large  blocks  of  very  good  pyrolusiie ,  somewhat  spongy  in  texture,  with 
cavernous  spaces  occupied  by  yellowish,  decomposed  quartz-rock. 
I'a'^  Decomposed  yellowish  and  yellowish-white  mottled  quartz-rock,  with  veins 

and  nests  of  pyrolusiie. 
Pit  XXXI. — One  hundred  and  ten  feet  east  of  last. — ^This  is  one  of  three  pits 
sunk  in  a  large,  old,  partially  filled-up  pit,  from  which  pyrolusiie  used  to 
be  raised  of  old  by  glass-makers. 

2'  SCHl. 

2*V  Abundant  nodules  of  pyrolusiie,  \  inch  to  6  inches  in  diameter,  mixed  up,  as 
usual,  with  nodules  of  iron-ore.    A  little  psilomelane  and  wad  occurs  in 
association  with  the  pyrolusiie, 
^^o"  Fragments  of  decomposed  yellowish,  and  yellowish-white,  mottled  quartz- 
rock,  becoming  larger  and  more  abundant  towards  bottom.    Pyrolusiie 
occurs  in  the  interstices  in  larger  blocks  than  in  the  preceding  stratum 
and  with  cavernous  spaces  containing  the  decomposed  quartz-rock. 
Decomposed  quartz-rock  with  veins  and  nests  of  pyrolusiie. 
Pit  XLVI. — Seventy-five  feet  south-east  of  last — 
2^4*  Grains  and  nodules  of  iron-ore. 
3*10*  Yellowish  and  brown  mottled  ferruginous  grit,  or  gritty  clay,  in  large  blocks. 

6*  Spongy  nodules  of  pyrolusiie  with  decomposed  quartzite. 
Pit  XLVII.— Fifty  feet  south-east  of  last— 
9'  Yellowish  and  brown  ferruginous  grit,  or  gritty  clay,  without  a  trace  of  pyro- 
lusiie.    The  rock  was  found  so  hard  that  it  had  to  be  blasted. 
Pit  XXV. — Five  hundred  feet  east-north-east  of  last,  in  the  Bazar. 

3'  Soil. 
4'4"  Hard,  yellowish  loam,  with  grains  of  pyrolusiie  and  iron-ore. 
12'  Nodules  and  grains  of  iron-ore,  at  places  compacted  into  large,  hard  blocks 
with  abundant  oolitic  grains  (internally  black,  pyrolusiie  ?),  and  a  few  large 
nodules  of  hematite  and  of  pyrolusiie. 
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The  Manganese-iron  and  Manganese-ores  of  Jabalpur^  hy  Pramatha 
Nath  Bose,  B.Sc,  F.GS.y  Deputy  Superintendent,  Geological  Survey 
of  India.     (With  2  maps.)^ 

The  pyrolusite  of  Gosalpur  was  first  brongbt  to  the  notice  of  Government  by 
Mr.  W.  G.  Olpherts  in  1875.  It  was  examined  in  1879  by  Mr.  H.  B.  Medlicott, 
late  Director  of  the  Geological  Survey,  and  a  note  on  the  ore,  with  an  analysis  of  it 
by  Mr.  Mallet,  was  published  in  the  "  Records"  of  the  Survey  for  that  year  (Vol.  XII, 
p.  99).  Four  years  later  Mr.  Mallet  examined  the  iron-ores  of  the  ncKthem  portion 
of  the  district  of  Jabalpur.  In  his  very  valuable  and  comprehensive  paper  on  those 
ores  ("Records,"  Vol.  XVI),  there  is  a  brief  notice  of  the  Manganese-ores  of  Gosal- 
pur. He  was,  I  believe,  the  first  to  point  out  the  existence  of  psilotnelane  in 
association  with  manganiferous  hematite,  the  latter  forming  a  band  in  the  Lora  group' 
at  Gosalpur  and  Khatola. 

In  1884  Mr.  C.  W.  McMinn,  then  Deputy  Commissioner  of  Jabalpur,  sank  a 
number  of  pits  to  ascertain  the  extent  of  the  manganese-ores  at  Gosalpur.  In  the 
same  year  Dr.  King,  the  present  Director  of  the  Survey,  paid  a  hurried  visit  to  the 
place  from  Jabalpur.  During  the  Durga  Puja  holidays  last  year,  the  ores  were  fur- 
ther explored  hy  Mr.  E.  J.  Jones  of  the  Geological  Survey.  After  Mr.  Jones'  return, 
I  was  deputed  by  the  Director  about  the  middle  of  October  last  to  continue  the 
exploration. 

On  arrival  at  Gosalpur,  I  found  a  number  of  pits  and  trenches  excavated  by 
Messrs.  McMinn  and  Jones,  of  which  Mr.  McMinn's  pits  had  been  partially  filled  up. 
I  had  these  cleaned,  and,  where  necessary,  deepened,  and  started  a  number  of  fresh 
excavations  in  dififerent  parts  of  the  village.    I  found  that  the  pyrolusite  occurred  in 

'   Map  I  only  published  now :  Map  a  will  appear  in  next  number  of  the  Records. 
*  One  of  the   groups  into  which  the  Bij&war  formation  has  been  divided,  called  after 
tlic  Lora  range  near  Sihora.    (Vidi  Records,  Vol.  XVI,  p*960 
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and  among  qnartzites,  >  which  were  subsequently  found  to  invariably  accompany  the 
Lora  group,  forming  probably  its  base,  and  which,  for  the  sake  (rf  convenience,  I  have 
designated  as  Gosalpur  quartzites.  I  found,  also,  that  the  Lora  group  fonned  a  dis- 
tinct synclinal  just  west  of  Gosalpur,  the  manganiferous  and  other  Lora  strata  which 
crop  out  here  re-appearing  in  the  Chakrandha  hill,  a  mile  and  a  half  west  of  Gosal- 
pur, but  with  the  dip  reversed.  With  these  clues  I  traced  the  ptilomelane  and 
pyrolusite  over  a  rather  wide  area,  included  partly  in  Sihora  and  pully  in  Jabalpor 
Tahsil.  But  though  spread  over  such  a  large  area,  the  quantity  of  pyrolusUe  does 
not  appear  to  be  so  great  as  might  be  expected.  I  must  observe,  however,  that  none 
of  the  localities  was  searched  so  minutely  as  Gosalpur;  and  that  the  present  report 
is  to  be  taken  rather  as  indicating  the  directions  in  which  pyrolusite  or  psilomehm 
is  to  be  looked  for,  than  as  giving  an  exact,  or  even  an  approximately  exact,  esti- 
mate of  the  ore-bearing  capabilities  of  the  entire  area.  However,  enough  has,  I 
venture  to  think,  been  done  for  exploration  purposes  in  the  northern  portion  of 
the  Bijawar  ground.  With  regard  to  the  southern  Bijawar  ground,  west  and  south- 
west of  Jabalpur,  I  had  time  only  to  pay  a  hurried  visit  to  it.  I  found  psilamelam 
in  the  Lora  group  at  Nonsar,  i  a  miles  north-north-west  of  Jabalpor,  on  the  road  to 
Patun.  The  Lora  group  also  occurs  at  Gangai  (a  short  distance  south  of  the 
Marble  Rocks  near  Jabalpur) ;  and  it  is  possible  that  both  pyrolusite  and  fsilow^ 
elane  will  be  found  in  it.  I  would  recommend  that  the  unspent  portion  of  the 
manganese  exploration  fund,  amounting  to  R75-7,  be  devoted  to  the  exploitation 
of  this  area. 

The  Central  Provinces  Government  made  a  grant  of  R500  for  the  manganese 
exploration  at  Gosalpur.  When  I  found  that  the  ores  extended  far  beyond  this 
place,  I  tried,  by  exercising  strict  economy,  to  make  my  work  cover  the  entire  area 
without  exceeding  the  grant ;  R450  only  was  drawn  by  me,  and  of  this  amount 
an  unspent  balance  of  R25-7  has  been  deposited  with  the  Deputy  Commissioner 
of  Jabalpur. 

I  have  to  record  my  thanks  to  Messrs.  C.  W.  McMinn  and  F.  C.  Anderson, 
Commissioner  and  Deputy  Commissioner,  respectively,  of  Jabalpur,  when  I  started 
work,  for  the  readiness  with  which  they  gave  me  every  assistance  that  lay  in  their 
power.  The  Director  paid  an  inspection  visit  while  the  exploration  was  in  progress; 
and,  if  it  may  be  called  successful  in  any  sense,  not  a  little  of  the  success  is  owing 
to  his  guidance  and  encouragement. 

I  have  in  this  report  tried  to  present  the  economic  results  of  the  exploration. 
Observations  which  are  chiefly  of  theoretical  interest  will  be  discussed  in  a  separate 
report,  which  will  be  submitted  to  the  Director  later  on. 

I.  Manganiferous  Hematite  and  Psilomelane. 
A. — Manganiferous  Hematite. 

The  manganiferous  hematite  is  confined  almost  exclusively  to  the  Lora  group. 
There  is  one  doubtful  occurrence,  which  will  be  specially  noticed  hereafter.  The 
normal  and  original  form  of  the  ore  appears  to  be  diat  known  as  micaceous-iron-ore, 
layers  of  which  are  interbanded  with  thin  jaspery  quartzites,  both  contorted  together, 

'  There  is  one  exception,  see  p.  82. 
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ad  the  former  curiously  following  the  flexures  (which  are  sometimes  very  sharp) 
I  the  latter. 

The  micaceous-iron-banded  quartzite,  t\e.,  quartzite  with  interbedded  layers  of 
licaceous  hematite,  is  generally  too  poor  to  be  worked  profitably.  But  at  places  the 
ucaceou»4ron-ore  is  very  rich,  the  quartzite  element  being  entirely,  or  almost 
ntirely,  wanting.  This  richness  usually  takes  place  on  comparatively  low  ground, 
'he  highest  points  of  the  ridges  are  almost  invariably  formed  of  contorted  quartzites 
ith  layers  of  micaceous  hematite. 

When  the  micaceous-iron-ore  is  very  rich,  as  at  the  foot  of  Santok  hill  (Gosalpur), 
le  rock  may  be  called  a  micaceous-hematite  schist.  Such  micaceous-hematite 
chist  was  seen  in  the  direction  of  the  strike,  as  well  as  across  it,  to  pass  into  the 
>lded  quartzose  rocks  with  thin  layers  of  the  ore  at  Dharampur  and  elsewhere. 

The  micaceous  hematite  sometimes  passes  almost  imperceptibly  into  mangani- 
irous  hematite,  which  appellation  is  here  given  to  hematite  in  which  the  presence  of 
manganese  is  discernible  with  the  naked  eye,  for  there  can  be  hardly  any  doubt  that 
bis  mineral  is  also  present  in  the  micaceous  hematite,  though  as  mere  traces.  In 
Toportion  as  the  micaceous-iron-ore  becomes  manganiferous,  it  loses  its  character* 
Stic  micaceous  lustre,  and  becomes  more  earthy-looking  and  massive.  The  shales 
Qterstratified  with,  and  overlying,  or  underlying,  the  micaceous-iron-banded  quart- 
ites  are  also  frequently  impregnated  with  manganiferous  hematite  in  varying  degrees 
i  richness. 

The  manganese  in  the  manganiferous  hematite  is  usually  present  as  nests  and 
liread-like  veins  of  psilomelane,  besides  being  disseminated  in  the  matrix. 

In  theLora  hill  area  (in  which  I  include  the  entire  area  stretching  from  Daima- 
•ur  to  Murhasan),  manganiferous  hematite  in  workable  quantity  was  found  at  the 
>llowing  localities : — 

I. — Dharampur  {including  Hirdmagar), — Close  to  the  boundary  between  this 
illage  and  Deonagar,  on  the  western  slope  of  the  ridge  running  south-west  from 
k)salpur,  a  trench  exhibited  the  following  section  (commencing  at  the  north-west- 
m  end) : — 

8'  Soft  whitish  talcose  slaty  shales  (chuhi)  dipping  north-north-west. 

18'  Obscured. 

11'  Shales. 

18'  Obscured. 

32'  Decomposed  earthy  rocks  with  traces  of  micaceous  hematite. 

24'  Obscured. 

13'  Whitish  shales  with  a  little  micaceous  hematite. 

28'  Shaly  and  quartzose  rocks  with  some  micaceous-iron-ore. 

15'  Micaceous  hematite. 

3'  Banded  jaspery-looking  rock,  with  limonite  towards  surface,  dipping  N.  35  W. 
6'  Obscured. 

78'  Soft,  thinly-stratified,  whitish  and  yellowish  talcose  shales. 

13'  Obscured. 

32'  Micaceous  manganiferous  hematite. 

10^  Shales  impregnated  with  psilomelane, 

A  trench  three-quarters  of  a  mile  north-east  of  this  trench,  on  the  road  from 
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Tola  Hfrdenagar  to  Dharampur  showed  the  following  section^  commenchig  at  dk^^ 
north-western  end  (about  57  feet  from  it)  : — 

12'  Massive  limonite,  with  segregated  psilomelane  at  the  sniface. 
5'  Shaly  rocks. 

1 3'  Shaly  rocks  (rather  thick-bedded)  with  some  manganiferoiui  hematite. 
33'  Shales  (partly  obscure). 
6'  Manganiferous  hematite  with  psilomelane, 
16'  Shales  with  a  little  micaceous  iron-ore. 
17'  Manganiferous  hematite. 

12'  Soft,  decomposed,  earthy  rocks,  with  micaceous  iron-ore. 
25'  Soil  to  a  depth  of  4'  with  fragments  of  micaceous  iron,  manganiferous  hema-  ^ 

tite,  &c. 
6'  Obscured. 
A  trench  about  three-quarters  of  a  mile  east  of  the  village  of  Dharampur,  and  close 
to  the  boundary  between  it  and  Murta  (a  deserted  village),  exhibited  a  rather  rich 
deposit  of  manganiferous  hematite.    Commencing  from  the  north-western  end  the 
cross-cut  gives  the  following  section  : — • 

28'  Micaceous-iron-banded  quartzite  (poor). 

4'  Manganiferous  hematite  (with  massive  psilomelane  at  the  sur&ce). 
88'  Micaceous-iron-banded  quartzite  (poor). 
30'  Schistose  micaceous  iron  (rather  rich). 
14'  Micaceous-iron-banded  quartzite. 
8'  Obscured. 
2'  Schistose  micaceous  iron  (rich)  apparently  much  '  crushed/  with  abundant  . 

psilomelane,    [The  dip  observed  so  far  points  N.N.W.] 
12'  Obscured. 

11'  Manganiferous  hematite,  very  rich  in  psilomelane^  apparently  much  crashed.  . 
33'  Micaceous  hematite  at  places  rich  in  psilomelane, 
A  pit  dug  at  this  end  showed  (from  the  surface) — 

2'6''  Large  blocks  of  apparently  much  crushed  manganiferous  hematite  withcriS'^^B^  th 
abundant  psilomelane, 
3'  Schistose  micaceous  iron  with  a  \iit\e psilomelane. 
Another  pit,  24  feet  south-east  of  last  showed  from  the  surface — 
2 '6"  Large  blocks  of  psilomelane, 
2'6"  Large  blocks  of  psilomelane  (but  harder)  with  bits  of  micaceous  hematite. 

4'  Schistose  micaceous  hematite. 
//.  Gosalpur, — A  cross-cut  here,  a  little  less  than  half  a  mile  north-west  0.^::^         ^* 
the  dlik  bungalow,  gave  the  following  section,  commencing  a  few  feet  from  th^  -^^^^^  ^® 
north-western  end  : — 

6'  Manganiferous  hematite  (very  rich).    Psilomelane  in  large  botryoidal  masse  ^^  ^r=3es 

at  the  surface. 
13'  Manganiferous  hematite  gradually  becoming  poorer,  southward. 
5'  Obscured. 

18'  Soft  micaceous  iron-ore. 

8'  Micaceous-iron-banded  quartzite.     [The  dip  so  far  appears  very  high  iiii^    ^^  — "^ 
points  to  N.N.W.  to  N.W.] 
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25'  Obscured. 

43'  '  Crushed '  quartzoze  rocks  with  manganiferous  hematite,  rather  rich  at 
places, 
8'  Micaceous-iron-banded  quartEite. 
43'  Schistose  micaceous  hematite  with  a  little  pstlonulane,  dipping  N.N.W.  6o^. 
The  cross-cut  at  the  northern  edge  of  the  ridge  north-west  of  the  d&k  bunga- 
3w,  locally  known  as  Santok  hill,  about  a  quarter  of  a  mile  north  of  the  bunga^ 
3w,  gave  a  good  section.    The  trench  was  dug  partly  by  Mr.  McMinn  and  partly 
•7  Mr.  Jones.    It  was  deepened  by  me  at  places.    Commencing  at  the  north- 
western end  the  section  is  as  follows  : — 

/  Reddish  and  purplish  slaty  shales,  dipping  55^  N.W.  by  N. 
4'  Manganiferous  hematite  with  thin  veins  of  psihmelane.    The  surface  of  the 
hematite  bed  is  botryoidal  at  places,  the  psilomelane  veins  following  the 
contour  of  the  concretions. 
35'  Soft,  talcose  shales,  at  places  impregnated  with  iron-ore. 
28'  Schistose,  micaceous  hematite. 
8'  Same  as  above,  but  blacker,  more  massive-looking,  richer,  and  with  occasion- 
al veins  and  nests  of  pstlomelam, 
12'  Schistose  micaceous  hematite. 
8'  Micaceous  hematite  partly  with  veins  and  nests  of  psilomelane. 
22'  Argillaceous  rocks,  with  some  micaceous  hematite. 
42'  Mottled  quartzose  rocks  more  or  less  obscured  at  places. 
///. — ^At  Pahrewa  (a  mile  and  a  half  south  of  Sihora)  and  at  Khatola,  the  manga- 
liferous  iron-ore  is  fairly  rich  at  places.     Close  to  the  boundary  between  Sukra  (a 
leserted  village  just  east  of  Khatola)  and  Surda,  a  trench  gave  the  following  section, 
proceeding  from  its  north-western  end  ; — 
2^d  Manganiferous  hematite,  very  rich  at  places. 
24'  Covered  up. 
21'  Manganiferous  hematite. 
27'  Obscured. 

1 5'  Schistose  micaceous  hematite. 
8'  Obscured. 
17'  Micaceous-iron-banded  quartzites,  much  folded  and  crumpled. 
IV,  Gogra, — Along  the  southern  slope  of  the  Lora  range  the  manganiferous 
re  is  very  rich  at  places.    It  is  especially  so  at  Gogra,  close  to,  and  at,  the 
loundary  between  this  village  and  Danwai.    There  are  some  mines  here  which 
ave  for  some  time  past  been  supplying  the  furnaces  of  the  entire  neighbourhood. 

V, — Mangela  {a  deserted  village), — Here,  too,  the  ore  appears  to  be  rather  rich. 
!'bere  are  some  old  mines  here. 

With  regard  to  the  other  outcrops  of  the  Lora  group,  manganiferous  hematite 

oes  not  appear  to  be  present,  at  least  to  any  considerable  extent,  in  the  band  stretch- 

ng  from  south  of  Chattarpur  to  Saroli,  as  well  as  in  the  Lamehra  range  of  hills. 

am  not  also  aware  of  its  occurrence  in  the  outcrop  south-west  of  Bhera  Ghat. 

Neither  of  these  bands,  however,  was  closely  searched. 

In  the  Lora  patch  at  Nonsar  (12   miles  north-west  of  Jabalpur,  on  the  road  to 
atan)  manganiferous  hematite  was  found  to  exist. 
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Tola  Hfrdenagar  to  Dharampur  showed  the  following  section,  commenciog  at  the 
north-western  end  (about  57  feet  from  it)  : — 

1 2'  Massive  limonite,  ^ith  segregated  psilomelane  at  the  surface. 
5'  Shaly  rocks. 

1 3'  Shaly  rocks  (rather  thick-bedded)  with  some  manganiferoos  hematite. 
33'  Shales  (partly  obscure). 
6'  Manganiferous  hematite  with  psilomelane, 
16'  Shales  with  a  little  micaceous  iron-ore. 
1 7'  Manganiferous  hematite. 

13'  Soft,  decomposed,  earthy  rocks,  with  micaceous  iron-ore. 
25'  Soil  to  a  depth  of  a!  with  fragments  of  micaceous  iron,  manganiferous  hema- 
tite, &c. 
6'  Obscured. 
A  trench  about  three-quarters  of  a  mile  east  of  the  village  of  Dharampur,  and  dose 
to  the  boundary  between  it  and  Murta  (a  deserted  village),  exhibited  a  rather  rich 
deposit  of  manganiferous  hematite.    Commencing  from  the  north-western  end  the 
cross-cut  gives  the  following  section  : — • 

28'  Micaceous-iron-banded  quartzite  (poor). 
4'  Manganiferous  hematite  (with  massive  psilomelane  at  the  surface). 
88'  Micaceous-iron-banded  quartzite  (poor). 
30'  Schistose  micaceous  iron  (rather  rich). 
14'  Micaceous-iron-banded  quartzite. 
8'  Obscured. 
2'  Schistose  micaceous  iron  (rich)  apparently  much  '  crushed/  with  abundant 

psilomelane.     [The  dip  observed  so  far  points  N.N.W.] 
12'  Obscured. 

11'  Manganiferous  hematite,  very  rich  in  psilomelane,  apparently  much  crushed. 
33'  Micaceous  hematite  at  places  rich  in  psilomelane, 
A  pit  dug  at  this  end  showed  (from  the  surface) — 

2'6"  Large  blocks  of  apparently  much  crushed  manganiferous  hematite  with 
abundant  psilomelane, 
3'  Schistose  micaceous  iron  with  a  \iit\e psilomelane. 
Another  pit,  24  feet  south-east  of  last  showed  from  the  surface-* 
2 '6"  Large  blocks  of  psilomelane, 
2'6"  Large  blocks  of  psilomelane  (but  harder)  with  bits  of  micaceous  hematite. 

4'  Schistose  micaceous  hematite. 
//.  Gosalpur, — A  cross-cut  here,  a  little  less  than  half  a  mile  north-west  of 
the  dllk  bungalow,  gave  the  following  section,  commencing  a  few  feet  from  the 
north-western  end  : — 

6'  Manganiferous  hematite  (very  rich).    Psilomelane  in  large  botryoidal  masses 
at  the  surface. 
13'  Manganiferous  hematite  gradually  becoming  poorer,  southward. 
5'  Obscured. 

18'  Soft  micaceous  iron-ore. 

8'  Micaccous-iron-banded  quartzite.     [The  dip  so  far  appears  very  high  and 
points  to  N.N.W.  to  N.W.] 
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25'  Obscured. 

43'  '  Crushed '  quartzoze  rocks  with  manganiferous  hematite,  rather  rich  at 
places, 
8'  Micaceous-iron-banded  quartzite. 
43'  Schistose  micaceous  hematite  with  a  little  psihmelane^  dipping  N.N.W.  6o^. 
The  cross-cut  at  the  northern  edge  of  the  ridge  north-west  of  the  d&k  bunga- 
low, locally  known  as  Santok  hill,  about  a  quarter  of  a  mile  north  of  the  bunga- 
low, gave  a  good  section.    The  trench  was  dug  partly  by  Mr.  McMinn  and  partly 
by  Mr.  Jones.    It  was  deepened  by  me  at  places.    Commencing  at  the  north- 
western end  the  section  is  as  follows  : — 

/  Reddish  and  purplish  slaty  shales,  dipping  55*  N.W.  by  N. 
4'  Manganiferous  hematite  with  thin  veins  of  psihmelane.    The  surface  of  the 
hematite  bed  is  botryoidal  at  places,  the  psilomelane  veins  following  the 
contour  of  the  concretions. 
35'  Soft,  talcose  shales,  at  places  impregnated  with  iron-ore. 
22!  Schistose,  micaceous  hematite. 
8'  Same  as  above,  but  blacker,  more  massive-looking,  richer,  and  with  occasion- 
al veins  and  nests  of  psilomelam, 
13'  Schistose  micaceous  hematite. 
8'  Micaceous  hematite  partly  with  veins  and  nests  of  psilomelane. 
22'  Argillaceous  rocks,  with  some  micaceous  hematite. 
42'  Mottled  quartzose  rocks  more  or  less  obscured  at  places. 
///. — At  Pahrewa  (a  mile  and  a  half  south  of  Sihora)  and  at  Khatola,  the  manga- 
niferous iron-ore  is  fairly  rich  at  places.     Close  to  the  boundary  between  Sukra  (a 
deserted  village  just  east  of  Khatola)  and  Surda,  a  trench  gave  the  following  section, 
proceeding  from  its  north-western  end  : — 

^30'  Manganiferous  hematite,  very  rich  at  places. 
24'  Covered  up. 
21'  Manganiferous  hematite. 
27'  Obscured. 

1 5'  Schistose  micaceous  hematite. 
8'  Obscured. 

17'  Micaceous-iron-banded  quartzites,  much  folded  and  crumpled. 
IV,  Gogra.-^Along  the  southern  slope  of  the  Lora  range  the  manganiferous 
ore  is  very  rich  at  places.    It  is  especially  so  at  Gogra,  close  to,  and  at,  the 
boundary  between  this  village  and  Danwai.    There  are  some  mines  here  which 
have  for  some  time  past  been  supplying  the  furnaces  of  the  entire  neighbourhood. 

V. — Mangela  {a  deserted  village). — Here,  too,  the  ore  appears  to  be  rather  rich. 
There  are  some  old  mines  here. 

With  regard  to  the  other  outcrops  of  the  Lora  group,  manganiferous  hematite 
does  not  appear  to  be  present,  at  least  to  any  considerable  extent,  in  the  band  stretch- 
ing  from  south  of  Chattarpur  to  Saroli,  as  well  as  in  the  Lamehra  range  of  hills. 
I  am  not  also  aware  of  its  occurrence  in  the  outcrop  south-west  of  Bhera  Ghat. 
Neither  of  these  bands,  however,  was  closely  searched. 

In  the  Lora  patch  at  Nonsar  (12  miles  north-west  of  Jabalpur,  on  the  road  to 
Patan)  manganiferous  hematite  was  found  to  exist. 
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B.— PSILOMELANB. 

This  mineral  is  present,  as  has  been  alreadj  mentioned,  as  fine  thread-like  veins 
in  the  manganiferons  hematite.  Sometimes  a  bed  of  this  hematite  has  developed  on 
it  botr joidal  concretions,  which  increase  in  size  towards  the  surface  so  as  to  become 
large  mammillary  masses.  The  psilomelam  veins  follow  the  contour  ol  the  conae- 
tionSy  and  increase  in  number  and  thickness  towards  the  outcrop,  so  as  to  appear  a 
nearly  mammillary  masses  of  pure  psilomelam  at  the  surface. 

lliis  kind  of  change  was  specially  observed  to  take  place  in  the  comparatively 
thick  shaly  strata  overlying  the  micaceous-iron-banded  quartzite.  The  develop- 
ment of  psilomelane  in  these  was  found  associated  with  that  of  milk-white  qoaitx 
rocks  at  some  places. 

In  the  manganiferous  hematite,  formed  evidently  by  the  local  concentration  of  dis- 
seminated manganese  in  the  schistose  micaceous-hematite,  /nV^si^/aiw  usually  appears 
as  thin  veins,  parallel  to  bedding  or  filling  small  fissures,  ftc.  Sometimes  an  outcrop 
of  micaceous-hematite  schist,  with  dip  and  strike  quite  distinct,  is  abruptly  overlaid 
by  botryoidal  or  mammillary  masses  of  pure  psilomelam.  Usually,  however,  there 
intervene  between  the  two  a  mass  of  variable  thickness  composed  of  bits  of  mangani- 
ferous hematite  cemented  together  by  a  matrix  oi psihwulane^  the  whole  mass  looking 
as  if  the  hematite  had  been  crushed,  and  the  broken  fragments  subsequently  welded 
together  by  the  manganese-ore.  This  is  the  view  held  by  Mr.  Mallet.  Wherever, 
however,  the  apparently  crushed  mass  was  dug  into,  it  was  foimd  to  pass  gradually 
downward,  within  sometimes  not  more  than  4  or  5  feet  from  the  surface,  into  strata 
which  showed  no  signs  of  crushing  at  all,  and  which,  in  fact,  at  places,  as  at 
Murhasan,  were  found  to  dip  rather  easy.  This  appearance  of  "  crushing,"  at  or 
near  the  surface,  may,  it  appeared  to  me,  be  attributed  to  surface  disintegration  of 
the  micaceous-hematite  previous  to  the  deposition  oi  psilomelane  ;  or,  as  suggested  by 
Dr.  King,  to  the  expansive  force  exerted  during  the  development  of  psilomelam  ;  or 
in  part  to  both. 

Psilomelane  co-exists  with  manganiferous  hematite;  and  the  places  where  the 
latter  has  been  found  in  abundance  are  also  the  localities  where  the  former  occurs  in 
any  quantity. 

At  Murhasan,  there  occur  thinly-stratified  quartzites  without  any  interbedded  mica- 
ceous hematite.  They  are  superposed  by  massive  quartzose  beds  which  are  highly 
ferruginous.  There  is  considerable  twisting  of  the  strike,  and  the  rock  which 
crops  out  has  an  appearance  of  being  very  much  crushed.  The  shivered  fragments 
of  quartzite  are  cemented  by  psilomelam,  and  at  one  spot  by  pyrolusiie  as  well. 

At  Ponri  (4  miles  west  of  Sihora)  banded  quartzose  strata  without  any  micaceous 
hematite,  similar  to  those  just  mentioned  as  occurring  at  Murhasan,  considerably 
twisted,  have  developed  in  them,  towards  the  surface  psilomelam  as  thin  veins,  fill- 
ings in  of  fissures,  &c.  The  psilomelane  does  not  appear  to  go  down  more  than  4  or  5 
feet  from  the  surface.  The  quartzite  appears  to  be  converted  towards  the  surface  partly 
into  Umonite  and  partly  into  psilomelane.  The  psilomelane,  in  si/u,  is  very  much  mixed 
up  Nvith  the  matrix  of  the  quartz-rock,  but  nodules  of  it  found  along  the  hill  slope 
are  nearly  free  from  it.  This  fact  of  the  nodules  of  detrital  ore  being  much  richer 
than  the  ore  in  silu,  was  observed  almost  everywhere.    Sometimes  blocks  rich  in 
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aanganese-ore  were  found  along  hill  slopes,  bnt  the  search  for  the  ore  in  situ  from 
rhich  the  blocks  may  have  been  derived  proved  fruitless. 

The  quartzose  strata  after  an  interspace  of  about  a  mile  re-appear  north-east  of 
)ar8ani,  richly,  impregnated  with  psilamelane  and  other  manganese-ores.  They 
>rm  a  ridge  running  in  the  direction  of  strike  for  about  2  miles.  The  manganese 
ad  iron-ores  here  are  very  much  mixed  together.  The  former  predominate  in  the 
ill  just  north-east  of  Darsani,  as  also  on  Kasai  (or  Kushi)  hill.  A  pit  opened  on  the 
Kith-eastem  slope  of  the  former  exhibited  some  16  feet  of  the  ore,  which  appears 
>  be  mosAy  psilonulane.  In  the  Kushi  hill  a  distinct  syncline  was  observed.  This 
ill  will  be  again  noticed  in  connection  with  pyrolusiU.  The  quartzose  strata  of 
onri,  Darsaniy  and  Ku^  hill  probably  belong  to  the  Lora  group,  and  have,  in  all 
kelihood,  come  up  by  an  anticlinal  flexure. 

A  large  quantity  of  psilonulane  in  the  form  of  nodules  occurs  at  Gosalpur  (Area 
,  Map  of  Gosalpur).  And  a  little  of  the  mineral  in  intimate  association  with  pyro' 
tsUt  also  occurs  at  this  place  and  elsewhere. 

From  the  mode  of  occurrence  of  psilomelane  it  is  impossible  to  form  anything 
ke  an  estimate  of  the  quantity  present  The  quantity  of  pure  psilomelane  cannot 
e  very  great,  as  it  is  chiefly  confined  to  the  surface.  Still  it  is  probably  greater 
lan  that  of  pyrolusite.  The  quantity  of  manganiferous  hematite,  with  veins  and 
tests  of  psilomelane^  must,  however,  be  regarded  as  practically  inexhaustible. 

An  assay  of  an  average  specimen  of  the  manganiferous  hematite  (from  Danwai 
dine)  made  by  Mr.  Mallet,  gave  the  following  result  (Rec,  Vol.  XVI,  p.  loi) : — 

Ferric  oxide         • <^*33  *"  Iron  46*43 

Manganese  (with  traces  of  cobalt)           •         .         •         .     I2*d6 
Oxygen 6'%^ 

Phosphoric  acid 'vj 

Sulphuric  acid       ••••••••  '03 

Sulphur •        •  trace 

Ignited  insoluble  residue         •..•••  9*55 

Lime,  alumina,  water  and  undetermined  .         •         •         •  4*76 

100*03 

The  ore  would  be  useful  for  the  manufacture  of  steel.  At  present  it  is  used  for 
he  manufacture  of  a  kind  of  a  steely  iron,  known  as  kkeri.  A  brief  account  of  the 
\heri  industry  will  be  found  in  Note  A. 

A  specimen  of  psilomelane  analysed  by  Mr.  Mallet  yielded  83*10  per  cent,  of 
be  available  peroxide. 

II.— Pyrolusite. 

Its  distribution  is  generally  co-extensive  with  that  of  the  Gosalpur  quartzites.' 
\X,  places,  however,  the  mineral  is  present  as  mere  traces.  It  was  found  in  any 
[uantity  at  the  following  localities : — 

I.  Gosalpur — ^Except  in  the  ground  just  in  front  of  the  d4k  bungalow  (some 
o  yards  to  south-east  of  it),  the  pyrolusite  occurs  here  in  and  among  the  Gosalpur 
[uartzites,  usually  soft,  decomposed,  and  blue-coated  at  the  outcrop.  Sometimes 
be  rock  is  hard,  and  either  white  or  red  in  colour,  assuming  in  the  latter  case  the 

'  A  band  underlying,  and  {Probably  forming  the  base  of,  the  Lora  group. 
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ftp(>eanscc  of  iisper.  Wbcrerer  scch  a  ike  cax;  naiiganese^ves  ue  wamiiig.  Fre- 
qnentlj  -Jje  rock  appears  &5  &  ctMrx>sie?aae  or  breccia,  feigaieDtsol  toft,  decomposed 
(someumes  almosc  povierr)  qartxise  being  ceaeflied  together,  is  it  wen.  bj  t 
m^rlx  cl  s£«^j«jaf  or  ircD-ore.  Wbesner  nsdi  a  rock  crops  oat,  mamgmneu  or 
ircn-ore  is  fccnd  in  scs:«  q;:jhc±T  bTd^gingdoK  to  it  tbroogh  the  soil-cap  imder 
which  it  passes,  the  carzxe  cf  'Jjt  ore  besg  detemuBcd  bj  that  ol  the  ''matrix"  at 
the  oiucrop. 

The  qoanzhes  kzve  :be  sesenJ  Bijsvar  strike  of  the  area,  ris.,  N£.-S.W^ 
Tbe  dip  is  obscra'c :  i:  vas  fccnd  :o  be  tcit  high  (^aboot  8c^  pointing  SJB.,  aome 
15c  rards  norh  oc  tbe  dlk  bcsz^Iov. 

Tbe  details  oc  some  of  u:«  sectioiis  as  exposed  br  the  pits  (see  Hap  ol  Gosalpor) 
at  this  place  maj  net  be  i::iii::eresciig.  The  great  majoritj  of  them  maj  be  gnxiped 
in  tvo  lines,  353  ts  500  feet  apan,  ninming  cearlj  £. — W.,  roq^j  parallel  to  tuAk 
other. 

Commencing  vi:h  Pit  No.  XIII,  at  the  wesieni  extremity  of  the  sonthem  line  of 
pits,  the  sections  are  as  follovs  : — 
PitXUI. 

I '5*  Soil  vith  grains  and  nodules  of  iron-ore. 
6'  Laz^e  blocks  of  hematite,  some  with  fragments  of  decomposed  qoaitz  rock 

passing  belov  into  decomposed  qoaxtzztes  with  Tcins  of  hematite. 
Fit  XIV. — One  hundred  and  se^-entT-five  feet  east-north-east  of  last  pit  It  is  an 
old,  large,  squarish  pit,  measuring  23  feet  east  to  west.  At  its  northern  end  there  is 
an  outcrop  of  the  Gosalpur  quartzites,  either  coated  blue  or  having  the  appearance 
of  a  "breccia,"  such  as  has  been  described  above.  The  pit  was  deepened  at  two 
ends  to  33  feet  at  the  western,  and  12  feet  at  the  eastern  end. 
i'  Soil  with  blocks  of  quartrlie. 

i'  Grains  and  nodules  of  iron-ore,  with  a  few  occasional  grains  of  pyrohuiie 
and  fragments  of  quartz: te. 
5*6*  Abundant  psilomelant  in  flat,  platr  masses,  with  which  are  associated  pyrolu- 

liit  and  hematite  as  grains  and  nodules. 
The  shaft  at  the  western  end  of  the  pit  disclosed  below  the  last-mentioned  layer  a 

thickness  of — 
22'6*  of  decomposed,  rotten,  crumblr,  whitish,  vellowish,  and  mottled  speckled 
quartz-rock  with  veins  and  nests  of  pyrolusife,  passing  below  into  similar 
decomposed  speckled  rock,  but  without  these  veins -and  nests.    Small 
pockets  of  well-crvstallised  pyrolusite  were  found,  howe^-er,  in  the  latter 
at  various  depths.    The  speckled  appearance  is  due  to  the  presence  of 
brownish  specks,  which  will  be  described  hereafter. 
Pit  XIX.—  Two  himdred  and  twentv-five  feet  to  east  of  last — 
6*  Soil. 

3'6''  Platy,  flat  and  botryoidal  masses  of  psilomilam,  with  some  pyrolusite  (the 
former  predominating  largely),  and  grains  and  nodules  of  iron-ore. 
4'  Decomposed  yellowish  and  mottled  quaitz-rock,  with  veins  and  nests  of 
pyrolusite  and  psilomelane. 
Pit  XV.— Fifty  feet  east  of  last— 
i'  Soil. 


EART  3.]     BOSE:  Manganese-irqn  aif^  Manganese-ores  i^/'Jabalpur.      79 

4'  Nodules  and  grains  of  iron-ore,  and  of  pyrolUsite  largely  associated  with 
pMomelane. 
4'6*  Yellowish  decomposed  quartz-rock  with  nodules  of  earthy-looking  pyrolu- 
site  (?). 
3'  Yellowish,  decomposed,  quartz-rock,  with  veins  and  nests  of  pyrolunU  (?), 

which  disappear  towards  bottom. 
Pit  III. — ^Two  hundred  feet  east-south-east  of  last — 
i'  Soil. 
6"  Nodules  and  grains  of  iron-ore,  with  a  little  pyrolusiie  towards  base. 

3'  Grains  and   nodules  of  iron-ore  and  of  pyrolusiie^  the  latter  measuring 
y  to  2"  across,  and  associated  with  psilomelane  (but  not  so  largely  as  in 
the  previous  pits). 
3*6*  Decomposed  quartz-rocks  with  grains  and  nodules  of  pyrolusiie. 
Pit  XXVIII.— One  hundred  feet  east  of  last- 
s' Soil. 
zd"  Nodules  and  grains  of  pyrolusiie  and  of  iron-ore,  the  former  averaging 
probably  less  than  \  inch  in  diameter. 
i'  Large  blocks  of  very  good  pyrolusiie^  somewhat  spongy  in  texture,  with 
cavernous  spaces  occupied  by  yellowish,  decomposed  quartz-rock. 
I'z"  Decomposed  yellowish  and  yellowish-white  mottled  quartz-rock,  with  veins 

and  nests  of  pyrolusiie. 
Pit  XXXI. — One  hundred  and  ten  feet  east  of  last. — This  is  one  of  three  pits 
sunk  in  a  large,  old,  partially  filled-up  pit,  from  which  pyrolusiie  used  to 
be  raised  of  old  by  glass-makers. 
3'  Soil. 
z^V'  Abundant  nodules  of  pyrolusiie,  \  inch  to  6  inches  in  diameter,  mixed  up,  as 
usual,  with  nodules  of  iron- ore.    A  little  psilomelane  and  wad  occurs  in 
association  with  the  pyrolusiie, 
4'io*'  Fragments  of  decomposed  yellowish,  and  yellowish-white,  mottled  quartz- 
rock,  becoming  larger  and  more  abundant  towards  bottom.     Pyrolusiie 
occurs  in  the  interstices  in  larger  blocks  than  in  the  preceding  stratum 
and  with  cavernous  spaces  containing  the  decomposed  quartz-rock. 
Decomposed  quartz-rock  with  veins  and  nests  of  pyrolusiie. 
Pit  XLVI. — Seventy-five  feet  south-east  of  last — 
3'4*  Grains  and  nodules  of  iron-ore. 
S'lo"  Yellowish  and  brown  mottled  ferruginous  grit,  or  gritty  clay,  in  large  blocks. 

6*  Spongy  nodules  of  pyrolusiie  with  decomposed  quartzite. 
Pit  XLVIL— Fifty  feet  south-east  of  last— 
9'  Yellowish  and  brown  ferruginous  grit,  or  gritty  clay,  without  a  trace  of  pyro- 
lusiie.   The  rock  was  found  so  hard  that  it  had  to  be  blasted. 
Pit  XXV. — Five  hundred  feet  east-north-east  of  last,  in  the  Bazar. 

3'  Soil. 
4V'  Hard,  yellowish  loam,  with  grains  of  pyrolusiie  and  iron-ore. 
12'  Nodules  and  grains  of  iron-ore,  at  places  compacted  into  large,  hard  blocks 
with  abundant  oolitic  grains  (internally  black,  pyrolusiie  ?),  and  a  few  large 
nodules  of  hematite  and  of  pyrolusiie. 
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Decomposed  quartzite  with  veins  and  nests  of  hematite. 

Farther  east,  a  section,  some  20  feet  in  thickness,  is  exposed  in  an  old  haoli^ 
opposite  the  police  station.  The  entire  depth  consists  of  fermginoos,  more  oc  less 
cellular,  gritty  clay  (Laterite). 

The  northern  line  of  the  more  important  pits  alluded  to  before  may  be  taken  to 
commence  with  Pit  XX,  225  feet  north-west  of  Pit  XIII  (the  westernmost  one 
of  the  southern  line  of  pits  just  described). 

4'  Soil  with  small  grains  and  nodules  of  fyrolusHe,  averaging  \  inch  in  length, 
.  and  big  lumps  of  hematite  (some  with  segregations  of  pyrolusitt), 
2^V  Decomposed,  crumbly,  yellow  and  white  mottled  quartzite. 
Pit  XXXV. — One  hundred  and  seventy-five  feet  east-north-east  of  last — 
4'  Soil  with  fragments  of  quartzite,  and  grains  and  nodules  of  pyrolusiie  and 
of  hematite  (a  little  pyrolusiie  and  psihmelane  being  associated  with  the 
latter).    The  nodules,  as  usual,  are  generally  of  a  spongy  textore. 
Pit  XXII. — Five  hundred  and  seventy-five  feet  east  of  last — 
9*^  Soil  with  small  grains  and  nodules  of  pyrolusiie, 
I'g"  AbvLTidant  pyrolusiie  in  nodules,  and  small  angular  and  irregular  plates,  with 

fragments  of  quartzite  and  grains  and  nodules  of  iron-ore. 
i'6''  Large  blocks  oi  pyrolusiie  with  decomposed  quartzite. 
i'  Blocks  of  yellow  and  mottled  decomposed  quartzite  with  j^ro/fMt/if,  occupying 

interstices  between  them. 
Pit  XLIII.— Two  hundred  and  fifty  feet  east  of  last- 
s'' Soil- 
s' Nodules  and  grains  of  iron-ore  and  fragments  of  quartzite.    Towards  bottom, 

large  spongy  blocks  of  hematite  with  decomposed  quartzite. 
Decomposed  quartzite. 

Pit  XXVI. — Six  hundred  and  twenty-five  feet  east-north-east  of  last — 
8'  Small  grains  and  nodules  of  iron-ore  with  big  lumps  of  hematite  of  a  spongy 
texture,  associated  with  a  few  small  nodules  of  pyrolusiie,  the  latter  being 
quite  subordinate. 
2'6'^  Decomposed  yellow  and  white  quartzite,  with  veins  and  nests  of  hematite 

and  pyrolusiie  (?). 
The  ground  l}ing  to  east  of  this  pit  is  covered  by  nodular  iron-ore  compacted 
into  hard  rock  (Laterite),  forming  a  somewhat  high  ground.  At  the  foot  of  this 
ground,  1,075  ^^^  east-north-east  of  Pit  XXVI,  an  outcrop  of  quartzite  was  met 
with  in  Pit  XXVII,  with  veins  of  hematite.  In  a  well,  a  few  yards  from  this  pit, 
reddish  and  white  mottled  quartzose  shales  were  met  with  at  a  depth  of  4  feet  from 
the  surface. 

North,  south  and  east  of  the  area  enclosed  by  the  two  lines  of  pits  described 
above,  the  ground  is  covered  by  nodular  iron-ore  usually  compacted  into  hard  rock. 
Some  pits  were  sunk  into  it.  Several  in  the  northern  portion  of  the  ground,  dis- 
closed, at  a  depth  of  about  9  feet  or  so,  decomposed  quartzites  similar  to  the  rocks 
invariably  found  at  the  bottom  of  the  pits  described  above  when  deep  enough. 

In  the  ground  west  and  north-west  of  the  d  jk  bungalow,  the  rock  found  below 
the  nodular  iron-ore  (which  is  of  small  thickness)  is  a  ferruginous,  red  and  yellow 
and  brown  grit  or  gritty  clay,  similv  to  that  found  in  Pit  XL VII.    About  50  yards 
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St  and  south-east  of  the  dik  bungalow,  a  few  fragments  of  slaty-looking  micace- 
is  hematite  were  found  mixed  up  with  the  nodular  iron-ore.  A  trench  varying 
depth  from  6  to  12  feet,  disclosed  the  former  rock  tn  siiu,  but  to  all  appearance 
rry  much  crushed,  fragments  of  it  being  held  together  by  a  itrmf^no-mangani- 
rous  cement.  This  rock  passes  into  a  lateritic-looking  rock  containing  iron- 
e  and  manganese^x^  {pyrolusiie  intimately  associated  with  a  little  psilomelane 
id  iron-ore)  in  which  not  a  trace  of  the  micaceous  hematite  was  observable.  A 
rg^e  quantity  of  manganese-ore  was  raised  from  this  trench.  That  its  occurrence, 
>wever,  is  exceptional,  is  evidenced  by  the  following  section  disclosed  by  a  pit 
KVI)  in  front  of  the  bungalow,  not  many  yards  from  the  trench  just  mentioned : — 

5'  Nodular  iron-ore. 

8'  Blocks  of  hematite  with  bits  of  micaceous  iron-ore. 
10'  Soft,  earthy,  micaceous  hematite. 

4'  Compact  and  very  hard  red  hematite,  so  hard  that  it  had  to  be  blasted. 

The  pyrolusiie  area  of  Gosalpur  is  divisible  into  five  portions  (see  Map  i) : 

(tf)  Stretching  east-west  from  Pit  XLVI  to  Pit  XV,  and  north-south  from  a  point 
few  yards  north  of  Pit  XXII  to  a  point  between  Pits  III  and  XV.  Here  the  pyro- 
isite  is  the  predominating  mineral,  psilomelane  and  iron-ores  being  quite  subor- 
inate  to  it  The  greatest  thickness  of  the  ore-bearing  stratum  (leaving  out  of  con- 
[deration  the  quartzites  with  veins  and  nests  of  pyrolusiie  as  unworkable  with  profit) 
;  7  feet  6  inches  (Pit  XXXI),  and  the  least  i  foot  (Pit  XXXIII,  not  described  above), 
lie  former  thickness  is,  however,  somewhat  exceptional,  and  the  mean  should  probab- 
j  be  taken  at  not  more  than  3  feet  6  inches.  Towards  the  surface,  the  pyrolusiie 
odules  are  mixed  up  with  those  of  iron-ore,  and  towards  bottom,  they  contain  a  good 
ortion  of  the  matrix  of  the  quartzite,  in  which  it  occurs  as  veins  and  nests  deeper 
own.  The  quartzite  is,  however,  much  decomposed,  loose  and  crumbly,  and  is 
lerefore,  easily  separable.  Making  allowance  for  it  and  for  the  grains  and  nodules 
f  iron^re,  it  would  not  be  safe  to  take  the  thickness  of  pure  pyrolusiie  (associated 
rith  a  little,  but  very  little,  psilomelane)  at  more  than  i  foot  6  inches. 

The  greatest  length  of  the  principal  pyrolusiie  area  is  525  feet,  and  the  greatest 
•readth  338  feet.  The  area  is  about  157,500  square  feet.  There  are  several  small  out- 
rops  of  the  Gosalpur  quartzites  within  this  area ;  and  the  manganese-oie  is  present  in 
bem  as  mere  traces.  The  area  covered  by  them  cannot  be  less  than  2o,ocx>  square 
»et.  Applying  this  correction,  the  estimated  pyrolusiie  area  would  be  reduced  to 
37,500  square  feet.  Thus  the  quantity  of  pyrolusiie  present  here  would  occupy 
37,500  x}  cubic  feet=  206,2  50  cubic  feet. 

The  specific  gravity  of  an  average  specimen  of  the  pyrolusiie  from  this  area 
letermmed  in  the  laboratory  of  the  Geological  Survey,  was  found  to  be  47.  Thus 
he  weight  of  the  quantity  available  here  would  amount  to  27,000  tons  (about). 

It  should  be  observed  that  a  portion  of  this  amount  (by  no  means  inconsider- 
ible)  has  been  taken  away  from  the  old  pit  (the  richest  portion  of  the  ground 
>etween  Pits  XXX  and  XXXI)  by  glass-makers  and  others ;  and  that  a  portion  has 
jeen  raised  from  the  trial  excavations  successively  made  by  Mr.  McMinn,  Mr.  Jones 
md  myself,  and  is  lying  at  the  place. 

The  cost  of  raising  the  ore  is  trifling,  as  it  occurs  at  a  very  low  depth  from  the 
surface,  and  can  be  dug  out  with  facility.    It  should,  however,  be  observed,  that 
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a  large  portion  of  the  ore  occurs  in  small  grains,  coated  red  by  oxide  of  iron; 
and  the  sifting  of  these  from  similar  grains  of  iron-ore  needs  time,  care,  and 
experience.  The  proportion  of  larger  blocks  and  nodules  of  pyrolusiie^  measur- 
ing from  nearly  a  foot  to  half  an  inch  in  length  to  smaller  grains  was  found 
in  Pit  XXVIII  to  be  nearly  i  to  3 .  So  that  the  former  kind  of  ore  in  the  area  under 
consideration  does  not  probably  amount  to  more  than  9,000  tons.  Of  this  amount, 
that  already  removed  may  be  put  down  at  about  500  tons,  if  not  more.  So  that  the 
quantity  still  available  of  the  larger  nodules  of  the  ore  (above  half  an  inch  in  length) 
probably  does  not  exceed  8,500  tons.  This  estimate  is  no  doubt  very  vague,  and  it 
is  given  here,  as  it  may  give  a  better  idea  of  the  quantity  of  the  ore  available  than 
mere  guesses. 

(b)  In  this  area,  the  pstlomelane  either  predominates  over  the  pyrolusiie^  or  the 
two  minerals  are  present  in  about  equal  proportion.  It  stretches  south-westward 
from  Pit  XV.  Its  length  may  be  taken  at  about  470  feet,  and  breadth  at  about  80 
feet.  Thus  the  area  may  be  estimated  at  37»6oo  square  feet  Making  allowance 
for  an  outcrop  of  the  Gosalpur  quartzites,  in  which  the  fnaftganese^ores  occur  as  mere 
traces,  or  do  not  occur  at  all,  this  estimate  would  be  reduced  to  probably  24,000  square 
feet.  The  greatest  thickness  of  the  ore-bearing  stratum  is  8  feet  6  inches  (Pit  XV), 
and  the  least  3  feet  6  inches  (Pit  X IX).  A  mean  of  5  feet  may,  I  think,  be  safely  taken. 
The  ore,  however,  is  mixed  up  with  grains  and  nodules  of  iron-ore.  Making  allowance 
for  these,  the  manganese-ore  {pyrolustie  and  pstlomelane)  may  be  taken  to  occupy 
a  thickness  oi%\  feet.  Thus  the  volume  of  the  manganese-ore  would  amount  to 
34,000  X  f  =  60,000  cubic  feet. 

Of  this  volume  not  less  than  half,  probably  more,  say,  about  three  fifths,  would  be 
occupied  by  pstlomelane.  The  cubic  contents  of  the  pyrolusiie  would  thus  be  about 
24,000  cubic  feet.  Taking  its  specific  gravity  at  47.  it  would  amount  to  3,000  tons 
(about). 

If  allo^¥ance  be  made  for  small  grains  of  pyrolusiie,  this  quantity  would  be  still 
further  reduced. 

{c)  (rO  Two  detached  areas,  one  situated  north  of  (3),  and  the  other  in  the 
village,  are  included  in  these  divisions.  Here  the  pyrolusiie  is  present  as  nodules  or 
small  grains,  quite  subordinate  to  similar  nodules  and  grains  of  iron-ore  (hematite,  &c). 
From  pits  XXV  and  XXVI  (inside  the  village)  only  a  few  nodules  of  pyrolusiie  of 
any  size  were  obtained,  it  being  present  chiefly  as  oolitic  grains,  too  small  probably 
to  be  profitably  sifted  from  similar  ones  of  oxide  of  iron  (both  being  coated  red  out- 
side), and  worked  for  purposes  for  which  pure,  or  tolerably  pure,  pyrolusiie  is  required. 
It  is  impossible  to  form  even  such  a  vague  estimate  of  the  quantity  of  pyrolusiie 
present  in  these  two  areas  as  has  been  given  for  (a)  and  (3).  It  would  probably  not 
amount  to  more  than  what  has  been  estimated  to  occur  in  {b), 

(d)  In  front  of  the  d^k  bungalow,  by  the  road  leading  from  it  to  the  Mirzapur 
road.  Here  the  pyrolusiie  occurs  in  "  laterilised  "  micaceous  hematite.  The  iron 
and  manganese-ores  are  greatly  mixed  up  (the  former  appearing  to  predomi- 
nate). However,  a  large  quantity  of  blocks  and  nodules  of  pyrolusiie  was  raised  from 
the  trench  mentioned  before.  The  area  covers  about  40,000  square  feet.  The  thick- 
ness of  the  pyrolusiie  may  be  taken  at  a  fourth  of  the  entire  thickness,  which  is  over 
12  feet.    Thus  the  cubic  contents  of  pyrolusiie  here  would  amount  to  about  120,000 
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cubic  feet.  Taking  specific  gravity  at  4*7,  the  quantity  would  be  about  15,000  tons. 
The  pyrolusUe  here  is  invariably  and  intimately  associated  with  a  little  psilomelam 
^nd  a  little  iron-ore.  The  whole  of  the  ore,  however,  occurs  in  large  blocks  and 
nodules. 

Thus  the  total  quantity  of  pyrolusiie  occurring  at  Gosalpur  may  be  roughly  esti- 
mated at  about  50,000  tons.  It  must  be  remembered,  however,  that  it  is  almost  in- 
variably associated  with  a  little  psilomelane,  and  that  a  good  portion  of  this  quantity 
consists  of  very  small  grains,  mostly  coated  red  outside  by  oxide  of  iron. 

^.  Keolari  (a  deserfed  village), — There  is  an  outcrop  here  of  what  appeared  to 
me  the  Gosalpur  quartzite,  a  mile  nearly  due  south  of  the  d^k  bungalow  at  Gosal- 
pur. The  quartzite  runs  parallel  to  a  band  of  "  lateritised "  micaceous  hematite, 
similar  to  that  occurring  in  front  of  the  Gosalpur  bungalow,  but  without  any  pyro- 
lusiie as  far  as  ascertained  by  a  trench  dug  close  to  the  road  leading  from  the 
Mirzapur  road  to  Khumarea.  The  quartzites  are  surrounded,  as  at  Gosalpur,  by 
nodular  iron-ore  compacted  into  large,  hard  blocks  at  places.  Their  outcrop  is 
about  600  yards  long  and  150  yards  broad.  At  the  north-eastern  edge  of  it,  where 
they  pass  under  alluvium,  some  pits  were  sunk,  which  disclosed  a  large  quantity  of 
manganese  ores.    A  good  portion  of  these  is  wad  /  very  little  pyrolusite  was  found. 

J.  Murhasan. — This  place  is  situated  at  the  south-eastern  extremity  of  the  east^ 
ern  portion  of  the  Lora  Syncline.'  At  the  northern  edge  of  a  hillock  just  west  of 
the  village,  apparently  much  crushed  quartzites  crop  out  with  veins  and  nests  of 
pyrolusiie.  A  pit  here  exposed  a  thickness  of  3  feet  of  large  nodules  of  pyrolusiie 
of  a  somewhat  spongy  texture,  passing  below  into  quartzose  rock  with  a  network  of 
veins  of  manganese^ore  as  in  the  Gosalpur  pits.  The  pyrolusiie  is  associated  with 
psilomelam ;  and  the  rest  of  the  hillock  is  constituted  of  contorted  Lora  strata  in 
which  the  latter  mineral  is  alone  found.  The /yr^/uj/V^  area  here  is  probably  not 
more  than  625  square  feet  in  extent.  Much  of  the  ore,  however,  is  mixed  up  with 
the  quartzite  in  which  it  occurs.  The  quantity  of  pyrolusiie  here  would  not  probably 
exceed  aoo  tons. 

Proceeding  north-eastward  from  Gosalpur  along  the  eastern  side  of  the  Lora 
syncline,  the  next  notable  occurrence  oi  pyrolusiie  is  at  4. — Pahrewa^  a  mile  and  a  half 
south  of  Sihora.  The  mode  of  occurrence  of  the  ore  here  is  somewhat  similar  to 
that  at  Murhasan.  It  was  found  on  a  conical  hillock  just  south  of  the  village  (which 
is  very  nearly  deserted)  to  the  left  of  the  Mirzapur  road.  A  pit  on  the  western  slope 
of  this  hillock  disclosed  7  feet  of  decomposed  quartzites,  with  considerable  nests  and 
thick  veins  oi pyrolusiie  (associated  with  psilomelane),  A  trench  a  few  yards  north- 
east of  the  pit,  however,  at  the  top  of  the  hillock,  exposed  apparently  crushed 
quartzose  rocks,  micaceous  hematite,  and  manganiferous  hematite  with  veins  of 
psilomelane. 

5.  Khaiola  (Kuihola  on  map), — The  pyrolusiie  here  occurs  in  two  hillocks 
formed  of  the  Gosalpur  quartzites,  close  to  the  railway  station.  The  quartzites  are 
worked  for  railway  ballast,  and  a  portion  of  the  pyrolusiie  has  gone  with  it.  I 
pointed  out  the  ore  to  the  contractor  working  the  ballast  pits,  and  verbally  told  him 

'  The  syncline  formed  by  the  Lora  group,  well  seen  just  west  of  Gosalpur,  and  more  or  less 
distinctly  traceable  south-eastward  to  Murhasan  and  Kailwas,  and  in  the  north-western  direc- 
tion to  the  Lora  range  proper. 
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not  to  carry  it  off  with  the  ballast    At  one  spot,  in  the  smaller  of  the  two  hilb 
of  the  Saroli  road,  the  pyrolusiie  was  found  in  massive,  somewhat  cellular,  blocks 
the  surface ;  digging  down,  however,  it  was  found  to  get  mixed  up  with  the 
The  ore  is  scattered  over  a  good  area.    But  there  is  probably  no  considenbl 
quantity  of  it,  as  it  is  confined  to  the  surface,  or  occurs  chiefly  as  mere  traces. 
6.  Bhatadon  (a  miU  south  east  of  Khatola^  on  the  south  tide  of  ike  Hirmn)j 
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Here  the  ores  occur  on  a  small  hillock  partly  composed  of  the  Gosalpur  quailzit^fi 
and  partly  of  lateritic  rock.    Exceptionally  good  pyrolusiie  was  found  at  one  spor 
free  from  quartzite-matrix.    Digging  disclosed  a  thickness  of  8  feet  of  the  ore, 
mixed  up  towards  the  bottom  with  the  quartzite  as  at  Khatola.    A  few  hundred  ton 
of  pyrolusiie  may  be  expected  from  here. 

7.  Hargar  {2\  miles  east  of  Khatola). — ^There  is  a  strong  outcrop  of  the  Go8al> 
pur  quartzites  here.    The  pyrolusiie  was  found  to  occur  as  mere  traces.    It 
however,  found  in  some  quantity  at  the  south-western  edge  of  a  hill  situated 
Hargar  and  Daroli.    It  occurs  in  association  with  iron-ores,  and  the  quantity  is  prol 
ably  small. 

Traces  of  pyrolusiie  were  found  at  several  spots  at  Danwai  (Dunwie)  in  the 
quartzite  hills  running  parallel  to  the  Lora  range.    It  was  found,  however,  in  somi 
considerable  quantity  at : — 

8.  Mungeli    (Mungeilee),   close  to  the  road  leading  from  Sihora  to 
(Oomria), — Five  pits  north  of  the  road,  at  the  foot  of  the  hill  just  west  of  the  village. 
exhibited  an  average  thickness  of  2  feet  of  pyrolusiie.    At  a  depth  of  4  or  5  feeT 
from  the  surface  it  is  mixed  up  with  the  matrix  of  the  rock  which  is  thin  beddeft::^ 
quartzite.    Deeper  down  the  rock  occurs  without  the  ore,  at  least  visibly.    A  pim 
south  of  the  road  exhibited  under  4  feet  of  alluvium,  5  feet  of  quartsose-rock 
Pyrolusiie, 

Beyond  Mungeli,  traces  o( pyrolusiie  were  observed  at  Deori  (Deoree),  close  by  tfa( 
Umaria  road  in  an  insignificant  outcrop  of  quartzites. 

On  the  western  side  of  the  Lora  syncline,  the  following  localities  may  be  noted 
commencing  from  the  northern  portion  of  the  ground  : — 

p.  Chhapra  (Chhoia\  5  miles  norih-easi  of  Sihora, ^^In  one  of  several  pits  sank 
in  a  hillock  a  quarter  of  a  mile  south  of  the  village,  nodules  of  pyrolusiie  largely 
associated  with  psilomelane  and  wadhXi^  mixed  up  with  blocks  and  fragments  of  quart. 
zite,  with  or  without  veins  and  nests  of  the  manganese-ores,  were  found  to  a  depth  of 
10  feet  from  the  surface.  The  quantity  of  pyrolusiie  here  must  be  very  small ;  and 
the  nodules  of  it  are  never  quite  free  from  the  quartzose  rock. 

10,  Sihora, — At  and  about  this  place  pyrolusiie  is  present  in  fairly  large 
quantity. 

Just  north  of  the  encamping  ground,  a  ridge  of  quartzose  rocks  runs  along  the 
strike  north-eastward  for  a  little  over  2  miles.  At  the  north-eastern  extremity  of 
this  ridge  traces  of  pyrolusiie  were  found,  but  the  pits  dug  here  did  not  show  any 
quantity  of  it.    Further  search  here  may  prove  more  successful. 

The  ridge  at  places  is  formed  of  beds  of  hematite  with  interbedded  laminated 
red  jasper,  passing  below  (vertically)  and  laterally  (along  strike)  into, quartzose 
rocks  with  impregnations  of  iron  ore. 

The  ridge  (which  from  the  villages  through  which  it  runs  may  be  called  th^ 
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Mansnba-Silondi  ridge)  is  scarped  on  the  northern  side,  the  strata  dipping  south- 
On  this  (the  northern  side)  a  pit  exhibited  shalj-quartzose  strata  underlying 
'strata  impregnated  with  iron-ore,  these  last  passing  under  beds  of  hematite 
with  interbedded  jasper.    The  dip  is  about  40^  south-east.    The  hematite,  at  the 
snrCace,  is  largely  associated  with  manganese-ore,  which  I  believe  is  pyrolunie, 
Xliese  mixed  manganese-iron-ores  are  very  plentiful  in  the  portion  of  the  ridge  (i 
znile  in  length)  included  within  the  limits  of  Mansukra,  from  the  Mirzapur  road  to 
die  streamlet  forming  the  eastern  boundary  of.  that  village.   At  spots  the  manganese 
jpredominates  over  the  iron-ore,  and  sometimes,  but  rarely,  the  former  is  almost 
^szclnsively  present.    When  the  latter  is  the  case,  the  pyrolusiie  is  usually  of  small 
thickness  (a  feet  or  less)  and  of  small  extent,  passing  vertically  below  and  on  all 
^ides  into  iron-manganese  ores,  or  quartzose  rocks  containing  traces  of  these. 

At  one  place,  about  900  feet  west  of  the  boundary  line  between  Mansukra  and 

Silondi,  the  ore  was  found  to  be  almost  free  from  iron-ores  and  quartzose- matrix, 

^uid  of  exceptional  thickness.    Here  almost  a  solid  mass  of  good  manganese-ore 

i^rolutiit  intimately  associated  with  a  little  hematite,  and  a  little,  but  very  little 

jpsilonulane)  goes  down  to  a  depth  of  11  feet  in  one  of  the  pits.    At  this  depth 

liematite  with  a  trace  of  manganese-ore  occurs.    From  the  pits  sunk  here,  the^r^- 

JusUe  was  found  to  cover  an  area  of  about  10,000  square  feet«    Taking  its  average 

thickness  at  7  feet,  there  is  present  here  some  70,000  cubic  feet  of  manganese  ore. 

Taking  the  specific  gravity  at  47,  the  quantity  would  amount  to  about  9,000  tons. 

From  the  entire  hill  some   12  or  13  thousand  tons  of  the  pyrolusite  may  be 

expected.    From  an  assay  made  by  Mr.  £.  J.  Jones,  of  the  Geological  Survey,  it 

was  found  to  contain  81*24  per  cent,  of  the  available  peroxide  of  manganese. 

Inside  the  town  of  Sihora,  nearly  at  its  northern  extremity,  on  a  low  ridge 
formed  of  cherty-looking  quartzites,  curiously  intermingled  with  lateritic  rod^ 
rather  good  pyrolusite  was  found  at  one  place.  Traces  of  the  ore  were  also  found 
just  west  of  Uie  town  by  the  road  leading  from  it  to  Majhauli  in  an  outcrop  of  the 
Gosalpur  quartzites. 

In  the  compound  of  the  local  court-house,  where  there  is  an  outcrop  of  the 
Gosalpur  quartzites,  a  pit  showed,  below  i  foot  8  inches  of  soil,  a  thickness  of  12 
feet  of  decomposed  quartzose-rocks  with  nodules  of  manganese-ore,  which  appeared 
to  be  chiefly  wad.  The  ore  was  mostly  raised  as  a  black  powdery  mass.  Another 
pit,  a  little  to  ^e  south,  exhibited  some  7  f^^t  of  quartzites,  with  veins  and  nests  of 
pyrolusiie  (?). 

//.  Naigain. — SouA  of  Sihora,  the  quartzites  are  lost  under  alluvium.  They  re- 
appear at  Naigain  on  the  Hirun  river,  2  miles  north  of  Gosalpur.  In  one  of  the  pits 
opened  here,  pyrolmiU  occurs  as  nodules  in  decomposed,  yellowish  quartzites 
down  to  a  depth  of  4  or  5  feet  from  surface.  The  quartzite  at  the  surface  contains 
veins  and  nests  of  the  ore.  But  I  do  not  expect  there  is  any  considerable  quantity 
of  it. 

Proceeding  southward  traces  of  pyrolusite  were  found  in  the  quartzites  near 
Chandnota  by  the  Hirun.    The  ore  occurs  in  some  quantity  at,— 

12.  Dharampur. — A  little  over  a  mile  west-north-west  of  this  village,  at  the  foot 
of  a  hill  locally  known  as  Changeli,  there  is  an  outcrop  of  apparently  the  Gosalpur 
quartzites,  which  at  one  place  has  the  appearance  of  a  breccia,  consisting  of  frag- 
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ments  of  quartzite  cemented  by  a  matrix  of  pyrolusUe.  A  trench  dug  close  to  it 
showed  a  good  thickness  of  the  ore,  but  seldom  free  from  qtiaitzitt.  The  tkicknoi 
was  found  to  be  lo  feet  in  one  of  the  pits.  The  extent  is  some  30,€X)a  sqoare  feet, 
if  notfmore.  Taking  the  average  thickness  at  6  feet,  some  180^000  cubic  feet  of  dK 
ore  may  be  expected  from  here.  The  ore  is,  however,  as  has  just  been  observed, 
seldom  entirely  free  from  the  quartzite.  Making  allowance  foi  it,  the  quantity  «f 
dressed  ore  may  be  estimated  at  about  1 3,000  tCHis. 

/J.  Dhangaon. — Nearly  at  the  top  of  a  low  bill  covered  by  thick  scrub  jongie^ 
a  mile  north-east  of  this  village,  and  close  to  the  boundary  line  between  it  and  Tila, 
an  outcrop  of  quartzites  similar  to  the  one  just  mentioned  led  me  to  expect  the  ore; 
and  it  was  found,  though  in  thickness  and  extent  it  appeared  to  be  poorer  than  tbe 
Changeli  find. 

14,  Chindamani  {Cheendamanee), — Pyrolusiie  occurs  here,  as  at  the  hst  two 
places,  in  an  outcrop  of  apparently  the  Gosalpur  quartzites,  about  a  quarter  of  t 
mile  north-east  of  the  village. 

Traces  of  fyrolusite  were  also  found  at  Kailwas  (a  mile  north  of  Chindamani)^ 
one-third  of  a  mile  north  of  the  village,  in  quartzites. 

75.  Nurgaon  (nearly  4  miles  east-north-east  of  Panagar). — ^A  little  over  a  qoaT' 
ter  of  a  mile  east  of  this  village,  in  a  nala  at  the  foot  of  a  ridge  of  Gosalpur  quart- 
zites, a  small  pocket-like  deposit  of  pyrolusiie  was  found  amongst  these.    On  tki^ 
ridge,  however,  the  quartzites  were  found  impregnated  with  iron-ore  alone. 

16.  Pararia  {Purrureay.^^A  quarter  of  a  mile  east  of  this  village  (a  mil^^ 
south-east  of  Panagar),  there  is  a  ridge  of  quartzites  which  have  the  appearance 
being  greatly  crushed.    At  one  place,  at  the  south-eastern  extremity  of  this  ridj 
and  at  its  foot,  a  crust  of  well-crystallised  pyrolusiie  was  found  on  the  surface 
blackish  quartzites.    A  pit  here  showed  these  rocks  to  be  more  or  less  impregnate 
with  the  ore.     On  the  ridge,  a  little  to  the  north-east  of  this  pit,  it  also  occurs,  bi 
with  considerable  admixture  of  the  quartzite. 

It  is  highly  probable  that  the  quartzite  bands  which  stretch  north-eastward  froi 
Nurgaon,  and  east-north-east  from  Pararia,  if  searched  more  closely  than  I 
able  to  do,  would  yield  some  pyrolusiie  ;  but,  from  what  1  saw,  I  doubt  if  it  is  likel^S^ 
to  be  of  good  quality. 

77.  Kushi  (Kasai)  hill^  j  miles  north-west  of  Sihora, — Manganese-ores  are  v< 
plentiful  in  this  hill.    They  appear,  however,  to  be  chiefly  psilomelane. 

At  the  south-eastern  extremity  of  this  hill,  at  its  top,  I  observed  some  massif 
quartzites  identical  in  appearance  with  the  Gosalpur  quartzites,  and  forming  a  syn- 
cline.    Pits  opened  here  exhibited  some  pyrolusiie  as  nests  in  the  quartzites. 

Outside  the  Lora  group,  and  nearer  the  base  of  the  Bijawars  of  this  area,  tra( 
of  pyrolusiie  were  found  in  the  Majhauli-Bhitri  group  at  the  following  places^  :— 

(A).  ChhaprA  (Bara),  3  miles  south  of  Sleemanabad. — On  the  southern  sloj 
of  a  hill,  half  a  mile  east  of  this  village,  at  the  boundary  between  it  and  Salaii,  C^      | 
encountered  a  block  of  quartzose  rock  with  nests  of  pyrolusiie.    The  hill  is  covercc 
by  cherty  rocks  in  boulder-like  masses.    Some  pits  were  dug  here,  but  no  manga- 
nese-ore was  found  in  any  of  these. 

For  the  places,  see  Map  accompanying  Mr.  Mallet's  paper  on  the  Ivon-ores  of  the  Jabtl- 
pur  district  (Rec.  Vol.  XVI.  Part  2). 
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(B).  Hardoa  Khurd  (Hurdooa  khoord),  12  miles  west-south-west  of  the  last 
>]ace. — A  mile  north  of  this  village  at  the  south-western  end  of  a  ridge  of  cherty- 
ooking  reddish  quartzites,  traces  of  pyrolusiU  were  observed. 

(C).  MuRAiTH  (Mooreith),  7  miles  north-west  of  Gosalpur. — Here  traces  of 
iyrolustie  were  found  in  some  cherts  occurring  among  chert-banded  limestone 

With  regard  to  the  Bijawar  ground  south-west  of  Jabalpur,  I  had  time  only  to 
\SLj  a  hurried  visit  to  Gangai,  4  miles  south  of  Bhera  Ghat.  The  Lora  group  occurs 
iere»  as  has  been  mentioned  by  Mr.  Hacket  in  his  manuscript  report.  He  notes 
he  presence  of  quartz-rocks  in  the  western  portion  of  a' hill  near  Dharampur,  3 
niles  south-west  of  Bhera  Ghat.  These  rocks  may  be  the  representatives  of  the 
[josalpur  quartzites  in  this  area.  They  certainly  appear  to  run  parallel  to  the 
Lora  iron-ore-band,  and  may,  I  thmk,  yield  some  pyrolusUe. 

A  carefully  selected  average  sample  of  the  pyrolusiie  from  Gosalpur  3delded  on 
inalysis  (Mallet  "Man.  of  the  Geol.  of^India,"  pt.  IV,  p.  58)  \— 

r  Manganese 54'66 

5  Oxygen 31*16 

V.  Iron  Sesquioxide  (with  trace  of  alumina) 4*53 

Baryta 356 

Phosphoric  acid '28 

Insoluble  in  hydrochloric  acid        ...«.••  fl'74 

Combined  water          ..,,,....  2*41 

Hygroscopic  water      ...•••.•.  *fl8 

9961 

NOTE  (A). 

Noies  on  the  Iron  industry  of  the  Lora  hill  area. 

Nearly  every  village  in  the  vicinity  of  the  Lora  range  worked  the  manganiferous 
lematite  ore  at  some  time  or  other,  as  the  slag  mounds  testify.  South  of  the  Hinin  there 
irere  mines  at  Hirdenagar  and  Gosalpur.  But  north  of  the  river,  nearly  all  the  furnaces 
ppear  to  have  been  supplied  by  the  Danwai  mines  situated  at  the  boundary  between 
)anwai  and  Gogra. 

Last  February,  I  saw  four  furnaces  at  work,  two  at  Karaia  and  two  at  Hatwai — two 
mall  villages  near  Kaleri,  about  9  miles  north-east  of  Sihora.  These  four  furnaces  had 
•een  working  since  November,  Two  more  furnaces  were  about  to  start  work  at  Gogra 
^hen  I  visited  that  place  (about  the  end  of  February). 

The  furnace,  as  usual,  is  of  a  most  primitive  type.  It  is  4  feet  6  inches  in  height 
'om  the  hearth  to  the  throat.  The  width  is  i  foot  6  inches  at  the  hearth,  and  7  inches  at 
le  throat.  The  furnace  is  built  of  mud,  with  which  some  straw  is  mixed.  The  making* 
p  of  the  furnace  costs  a  rupee  or  so. 

The  bellows  which  supply  the  blast  are  about  a  foot  and  a  half  high  when  stretched . 
hey  are  made  up  of  goat's  skins  obtained  from  Jabalpur  at  a  cost  of  R4  per  pair ; 
le  making-up  costs  a  rupee.  A  pair  of  bellows  lasts  one  full  season  (November  to 
lay). 

The  entire  cost  of  the  furnace  and  bellows  and  other  requisites  amount  probably  to 
Dt  more  than  R7. 

The  blast  is  supplied  through  a  pair  of  clay  tuyers,  which  are  renewed  every  day. 

The  manganiferous  hematite  (which  is  the  ore  used)  is  procured  from  the  Danwai 
ines.  The  ore  has  to  travel  5  miles  for  the  furnaces  at  Karaia,  and  7  for  those  at 
atwai.     It  is  carried  on  pack  buffaloes  to  Karaia  at  a  rate  of  2  annas  9  pies  for  one 
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day's  charge  required  for  each  furnace*  This  includes  the  cost  of  digging  out 
dressing  the  ore  {i,e,,  breaking  up  the  bigger  lumps  into  small  bits  and  roughly 
ing  it  from  the  rock  matrix  which  is  quartzite).    The  rate  at  Gogra,  which  is  only 
from  the  mines,  is  2  annas  per  charge. 

The  fuel  used  is  charcoal.    The  price  paid  for  it  is  8  annas  for  one  day^i 
sumption.    This  includes  carriage.    The  quantity  of  charcoal  consumed  by  a 
in  one  day  averages  4  maunds,  so  that  it  costs  a  annas  per  maund.    This  price 
to  be  abnormally  low.     I  was  told  that  it  would  take  12  men  to  work  reguli 
month  to  prepare  charcoal  required  for  a  month  by  one  furnace;  that  is  to  say,  thft 
neration  for  these  12  men  would  be  R15  per  month,  or  R1-4  per  head.    Tl 
doubt  that  all  the  12  men  do  not  work  steadily  and  systematically;  and  it  is  prol 
8  men  would  suffice  if  they  work  properly.     Even  then,  however,  the  wage  of  a 
per  day  would  not  be  more  than  i  anna,  which  is  below  the  normal  rate.     The 
is  procured  at  this  low  price  by  making  advances  to  labourers  during  the  rains. 

The  furnace  is  worked  for  12  hours,  from  about  8  in  the  morning  to  late  in 
ing.     Two  men  are  required  to  work  it,  one  at  the  bellows  and  the  other  t©| 
ore  and  fuel  and  let  out  the  slag.     Their  wages  vary  from  2  to  3  annas  each  per 

The  furnace  is  first  filled  up   with  charcoal.     When  it  gets  well  heated,  orej 
down  through  a  hole  at  the  top  about  7  inches  square,  one  small  basketful  at 
weighing  from  5  to  7  seers.     Some  25  to  30  such  basketsful  (or  3 J  to  4J  maunds)< 
are  consumed  by  a  furnace  in  one  day. 

The  produce  of  the  furnace  is  a  steely  iron,  known  as  kheri^  which  is  used  fori 
implements  of  various  kinds  such  as  hatchet-heads,  ploughsharesi  &c.     As 
Mr.  Mallet,  there  can  be  no  doubt  that  the  quality  of  the  iron  is  due  to  the 
manganese  in  the  ore. 

The  spongy  mass  of  kheri  which  comes  out  of  the  furnace  is  partially  mixed 
slags.     When  cooled,  it  is  beaten  down  with  a  heavy  hammer,  and  broken  int 
blocks  and  fragments,  the  slags  separating  out  in  the  process.    The  daily  out 
furnace  averages  24  seers  of  cleaned  kheri. 

The  selling  price  varies.     At  the  furnace  it  averages  Rio  per  gond  (  =  24 
or  3  maund s  and  24  seers),  or  about  14  seers  per  rupee.     At  Sihora  the  price, 
to  my  information,  was  8  seers  per  rupee. 

The  working  expenses  of  a  furnace  per  month  may  be  estimated  as  follows :—  ■ 

Digging,  dressing  and  carriage  of  ore  at  2  annas  per  day  (the  Gogra  rate)     .      3    13 

Charcoal  at  8  annas  per  day 15      o 

Two  bellowsmen  (6  annas  per  day) 114' 

Duty  on  wood  burned  for  charcoal 40 

Royalty  on  ores  .         •         .         .         .         .         ..         .         •         .16 

On  account  of  btllows,  &c. .         •         .       i      o 

Total        .    36      6 

The  monthly  outturn  averages  30  x  24  seers  =  18  maunds.  At  Rioper|fW 
3J  maunds,  the  value  of  the  outturn  would  be  about  R51-6.  This  leaves  a  fair  nu 
for  profit. 

If  the  Umaria  coal  be  found  suitable,  there  is  very  good  prospect  for  a  steel  11 
factory  on  a  large  scale  in  the  Lora  hill  area ;  and  Khatola,  where  there  is  a  rai 
station,  appears  to  me  to  be  best  suited  for  the  purpose.  There  is  very  rich  mangai 
ous  iron-ore  close  by  (see  p.  75)  ;  and  the  Hirun,  probably  the  largest  river  h 
northern  portion  of  the  Jabalpur  district,  flows  past  it. 

>  According  to  Mr.  McMinn  {Central  Indian  News,  September,  1886),  ATt^rt  contains  "8 
cent,  of  steel  worth  £^$  per  ton.     It  costs  now  in  Jabalpur  under  £6  per  ton," 


j  Temple 


Keoordt:    Vol.'  XX.I. 


/ 


PART  3.]     BOSE :  Manganese-iron  and  Manganese-ores  of  Jabalpur.      89 


NOTE  (B), 

The  following  statistics  compiled  from  Phillips*  "  Treatise  on  Ore  Deposit "  and  R. 
Hunt's  *'  British  Mining,"  may  be  found  useful  in  forming  an  estimate  of  the  value  of 
the  Jabalpur  ores.    The  Manganese  ores  mclude  pyrolusiie,  manganite,  psilomelane, 


Year. 


I.— The  United  Kingdom— 
/.  Production  of  the  mines  in  Cornvtallf  Devonshire,  &c. 

1880 

1881 

1882 

s.  Imports. 

1880 

1881 

1882 . 

II.— France,  1880 

III.— The  German  Empire,  1881 

IV.— Italy,  1880 

V.-^PAIN.  1882  •        • 

VI.— The  United  States,  1882 


Value. 


S,6oi 
6,441 

3.907 


67,070 

71,140 
102,267 

21,309 

23>534 

8,575 

9."5 

10,500 


"The  Carboniferous  Glacial  Period,"  by  Oberbergrath  Prof.  Dr.  W. 
Waagen.^  Translated  by  R.  BRUCE  FoOTE,  F.G.S.,  Superintend- 
ent^  Geological  Survey  of  India,     (With  one  plate.) 

Since  the  time  when  Agassiz  and  others  entered  upon  a  close  study  of  glaciers, 
and  it  became  practicable  to  recognize  deposits  formed  by  ice,  even  where  the  form- 
ing agency,  the  ice  itself,  had  long  disappeared,  perfectly  new  vistas  have  opened  to 
geological  enquiry,  and  it  has  become  possible  to  look  back  into  the  climatic  condi- 
tions of  periods  which  had  long  preceded  historical  tradition,  and  which  till  then 
had  been  regarded  as  separated  by  a  great  gulf  from  the  present  development  of 
things.  Studies  in  this  direction,  however,  extended  in  the  first  place  only  to  the 
glacial  formations  of  the  quarternary  period,  partly  because  the  ice-formed  deposits 

*  Jahrbuch  der  K.  K.  Geol.  Reichsanstalt,  1887,  37,  Band.  2,  Heft.  (W.  Waagen). 
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bcl^mgJng  w  *^*^  period  are  generally  rather  superficial  in  position,  cover  a  com- 
Minlix'cly  lATgc  area,  and  play  thus  a  more  or  less  important  part  in  the  geological 
c^^mixw^tuon  of  many  regions;  partly  also  because,  for  obvious  reasons,  organic 
t^m^ins  arc  pretty  generally  absent  from  glacial  formations,  and  thus  the  age  of 
i:\ich  formations  as  do  not  belong  to  the  quartemary  period  is  generally  extremely 
\UrftcuU  to  determine. 

In  ftpite  of  this,  many  voices  have  already  been  raised  of  those  who  believed  they 
c\H\Kl  demonstrate  the  action  of  ice  in  formations  older  than  the  quartemary ;  and 
thcr«  is  hardly  one  of  the  greater  epochs  later  than  the  Cambrian  in  which  such 
(Wmations  have  not  been  indicated :  indeed,  James  CroU  held  that  he  could  prove 
that  each  of  the  greater  epochs  in  the  history  of  the  earth  must  consist  of  a  series  of 
glacial  and  interglacial  periods.    In  this  he  deals  very  liberally  with  millions  of 

years. 

These  voices  have,  however,  hitherto  died  away  with  rather  slight  notice,  because 
the  whole  body  of  geological  facts  would  not  fit  in  kindly  with  the  theory,  and  be- 
cause the  facts,  and  specially  those  observed  in  the  British  islands,  appeared  on  the 
one  hand  always  as  local  phenomena  only,  while  on  the  other  hand,  an  unquestionably 
glacial  character  of  these  formations  could  not  be  absolutely  proved.  Ajb  time  went 
on  facts  increased  and  proofs  accumulated  :  and  to-day  it  is  hardly  feasible  any  longer 
to  wrap  oneself  in  dissentient  silence  in  opposition  to  the  question  whether  glacial  ap- 
pearances are  not  traceable  in  prequarternary  times ;  for  the  fact  of  the  existence  of 
glacial  deposits  is  pretty  generally  admitted,  although  one  could  not  begin  to  do 
much  in  general  with  this  fact,  a  close  determination  of  the  age  of  these  glacial 
formations  being  subject  to  very  special  difficulties. 

It  is  one  of  the  incontestably  great  merits  of  the  Geological  Survey  of  India  to 
have  advanced  this  "  Glacial "  question  into  the  foreground,  and  to  have  published 
numerous  facts  tending  towards  its  solution.  The  first  case  which  was  established 
by  these  studies,  and  which  was  one  of  great  weight,  was  the  fact  that  it  appeared 
thus  to  be  proven  that  the  glacial  beds  in  formations  older  than  the  quartemary  are 
not  merely  local  phenomena  such  as  are  found  only  in  certain  localities  in  England, 
but  are  really  widespread  and  extending  over  great  parts  of  the  earth. 

The  oldest  observations  of  the  kind  concerned  India ;  where,  in  the  year  1856,  the 
so-called  Talchir  conglomerates  were  discovered,  which  were  at  the  time  pronounced 
by  W.  T.  Blanford  to  be  glacial.  The  definitive  proofs  of  this  were,  however,  only 
obtained  in  1872  by  Thomas  Oldham  and  Fedden,  who  jointly  excavated  in  the 
valley  of  the  Godavari  numerous  scratched  blocks  of  these  beds,  and  also  found  the 
underlying  formation,  a  hard  Vindhyan  limestone,  to  be  scored  with  innumerable 
deep  parallel  scratches.  A  large  granite  block  then  found  is  exhibited  in  the  Indian 
Museum  in  Calcutta,  and  forbids  any  doubt  as  to  its  having  been  tooled  by  ice.^ 

Another  region  in  which  conglomerates  of  peculiar  character  had  long  been 
known  is  South  Africa.  This  formation  was  for  a  long  while  held  to  be  of  volcanic 
origin,  till  at  last  Sutherland*  recognized  the  glacial  origin  of  these  block  deposits 

^  Mem.  Geol.  Surv.  Ind.,  Vol.   IX,   Part  a,  p.  30.    (Mr.  Fedden  made  the  original  find 

W.  Y^—Ed:) 
'  Quart.  Journ.  Geol.  Soc.  Lond.,  Vol.  XXVI,  p.  514. 
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also.  Our  countryman  Griesbach,  who  knew  these  deposits  from  personal  inspec- 
tion in  South  Africa,  was,  when  he  came  to  India,  surprised  at  .the  similarity  which 
the  Indian  Talcfair  conglomerates  show  to  the  South  African  conglomerates,  and 
did  not  hesitate  to  bring  the  two  formations  into  correlation. 

A  third  region  in  which  glacial  deposits  in  older  formations  were  indicated  was 
Australia.  Before  all  others,  it  was  the  so-called  Bacchus-marsh  sandstone  that  was 
recognized  as  glacial,  while  the  Hawksbury  beds  also  appeared  to  have  come  into 
existence  under  glacial  influences. 

In  all  these  three  regions  the  glacial  deposits  appear  in  connection  with  coal 
seams,  or  sandstones  containing  a  rich  flora.  This  flora  was  by  the  majority  of,  and 
the  best,  palaeophytologists  regarded  as  Mesozoic ;  but  the  stratigraphical  relations 
in  India,  and  yet  more  especially  in  Australia,  distinctly  demanded  that  these  forma- 
tions should  be  reckoned  in  the  Palaeozoic  rock  series. 

An  irresolvable  contradiction  was  thus  created,  which  called  forth  a  division  of 
minds.  Endless  controversies  were  held  in  favour  of  one  or  other  view :  and  the 
importance  of  the  occurrence  of  glacial  formations  in  these  beds  receded  into  the 
back  ground,  just  because  the  exact  age  of  the  whole  series  of  beds  could  not  be 
determined  with  certainty.  I  will  now  endeavour  to  give  a  picture  of  the  relative 
conditions  for  German  readers,  but  in  so  doing  cannot  avoid  repeating  much  that 
has  already  been  variously  discussed  in  German  periodicals. 

I. — India. 

The  fundamental  studies  of  these  formations  were  published  in  1856  by  W.  T. 
Blanf ord ;  and  later  on  the  whole  series  of  beds  received  from  H.  B.  Medlicott  the 
name  of  "  The  Gondwana  System." 

Comprehensive  data  on  this  subject  were  given  by  W.  T.  Blanf  ord  in  the  Manual 
of  the  Geology  of  India^  and  more  lately  in  his  Address  to  the  British  Association  at 
Montreal.  His  brother,  H.  F.  Blanford,  also  gave  a  very  good  review  of  the  subject, 
as  then  known,  in  his  essay  "  On  M^  Age  a«(/ Correlations  of  the  Plant-bearing  Series 
(/India,  a;fj  the  former  Existence  of  an  Indo-oceanic  Continent"  (Quart.  Jour. 
Geol.  Soc.  London,  Vol.  XXXI,  p.  519,  1875).  The  organic  remains  were  worked 
out  by  Feistmantel. 

It  is  difficult  to  treat  the  subject  afresh  since  it  has  been  so  largely  and  so  well 
written  on.  In  particular  it  appears  to  me  hardly  possible  to  excel,  or  even  to  attain 
to,  the  masterly  representation  of  the  conditions  given  by  W.  T.  Blanford  in  his 
Montreal  Address :  it  will  therefore  be  the  wisest  plan  to  let  the  first  founder  and 
zealous  promoter  of  the  whole  question  also  speak  on  it  in  this  place.  I  shall  con- 
tent myself  therefore  by  giving  here  (in  translation)  the  respective  passages  in 
Blanford's  Address,  and  only  making  such  additions  to  it  as  appear  desirable  for  the 
benefit  of  German  readers. 

''  Gondwana  System  of  India, — In  the  peninsula  of  India  there  is  a  remarkable 
deficiency  of  marine  formations.  Except  in  the  neighbourhood  of  the  coast  or  of 
the  Indus  Valley  there  is,  with  one  exception  (some  cretaceous  rocks  in  the  Ner- 
budda  Valley),  not  a  single  marine  deposit  known  south  of  the  great  Gangetic  plain. 
But  in  Bengal  and  Central  India,  over  extensive  tracts  of  country,  a  great  sequence 
of  fresh-water  beds,  probably  of  fluviatile  origin,  is  found,  to  which  the  name  of 
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Gondwana  system  has  been  applied.  The  uppermost  beds  of  this  system,  in  Catch 
to  the  westward,  and  near  the  mouth  of  the  Godavari  to  the  eastward,  are  interstra- 
tified  with  marine  beds  containing  fossils  of  the  highest  Jurassic  (Portlandian  and 
Tithonian)  types.^ 

"  The  Gondwana  system  is  a  true  system  in  the  sense  that  all  the  series  com- 
prised are  closely  connected  with  each  other  by  both  biological  and  physical  char- 
acters, but  it  represents  in  all  probability  a  much  longer  period  of  geological  time 
than  do  any  of  the  typical  European  systems.  The  highest  members,  as  already 
stated,  are  interstratified  with  marine  beds  containing  uppermost  Jurassic  fossils. 
The  age  of  the  lowest  members  is  less  definitely  determined,  and  has  been  by  dif- 
ferent writers  classed  in  various  series  from  middle  carboniferous  to  middle  Jurassic. 
The  Gondwana  beds  from  top  to  bottom  are  of  unusual  interest  on  account  of  the 
extraordinary  conflict  of  palaeontological  evidence  that  they  present. 

"  The  subdivisions  of  the  Gondwana  system  are  numerous,  and  in  the  upper  por- 
tions especially  the  series  and  stages  are  different  in  almost  every  tract  where  the 
rocks  are  found.  The  following  are  the  sub-divisions  of  most  importance  on  account 
of  their  fauna  and  flora,  or  of  their  geological  relations : — 

r  Cutch  and  Jabalpur. 
Upper  Gondwana  ...  }  Kota  Maleri. 

C  Rdjmahil. 

Panchet. 
.  r  Ranigunj  and  Kdmthi. 

Lower  Gondwana  ...  }  Damuda         ...  J  garikAr. 

fKarharb^ri. 
Tdlchir. 

"The  upper  Gondwanas,  where  best  developed,  attain  a  thickness  of  ii,coo  feet 
and  the  lower  of  13,000  feet. 

",The  Talchir  and  Barakaf  sub-divisions  are  far  more  generally  present  than  any 
of  the  others. 

**  Talchir, — The  Tdlchir  beds  consist  of  fine  silty  shales  and  fine  soft  sandstone. 
Very  few  fossils  have  been  found  in  them,  and  these  few  recur  almost  without  ex- 
ception in  the  Karharbari  stage.  The  Talchirs  are  principally  remarkable  for  the 
frequent  occurrence  of  large  boulders,  chiefly  of  metamorphic  rocks.  These  bould- 
ers are  sometimes  of  great  size,  6  feet  or  more  across,  3  10  4  fed  being  a  common 
diameter ;  all  are  rounded,  and  they  are  generally  embedded  in  fine  silt." 

These  boulder  beds  are  very  widely  distributed  in  Bengal  and  Central  India,  and 
boulders  whose  surfaces  are  marked  with  numerous  parallel  scratches  are  by  no 
means  uncommon.  They  form  generally  the  base  of  ihe  whole  coal  and  plant-bearing 
series,  and  rest  ver}'  often  unconformably  on  older  rocks.  It  has  already  been  men- 
tioned that  when  the  basement  is  freshly  exposed,  the  surface  is  scored  with  distinct 
parallel  striae.  The  thickness  is  often  very  great,  but  naturally  changes  within  short 
distances.     The  glacial  origin  of  these  boulder  deposits  is  clear  beyond  all  cavil. 

Griesbach*  has  given  a  very  instructive  chromo-lithographed  sketch    of   such 

^  This  and  the  following  quoted  passages  are  all  from  Mr.  Blanford's  address  as  President 
of  the  Geological  Section  of  the  British  Association,  at  Montreal,  1884:  also  published  in 
Records,  G.  S.  1.,  XVIII,  p.  32  eU  seq.--W.  K. 

■  Mem.  Geo).  Surv.    Ind.,  18^,  Vol.  XV,  pt.  3,  pi.  2. 
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a  bed,  which  shows  most  convincingly  the  irregular  distribution  of  the  boulders  in 
the  fine  greyish-green  sandy  clay.  The  soft  sandstone  and  shales  occur  generally 
only  above  the  boulder  clay.  A  few  plant  remains  occur  in  the  shales,  and  from 
among  them  Feistmantel  determined  the  following  species  : — 

SehtMoneura,  sp» 

Gangamopietis  cyclopteroidts,  Fstm, 
„  angustifoliot  McCoy. 

GlossoptetiSf  sp, 
Naggerathiopsis  hislopif  Bunb.,  sp. 

Of  these  Gangamopieris  cyclopteroides  is  the  predominant  form,  and  G,  angus- 
tifolia  is  identical  with  a  form  that  was  originally  described  from  the  Bacchus-marsh 
sandstone.    This  Australian  formation  also  shows  similar  characters. 

**  Karharbdri. — The  Karharbfiri  beds  are  found  in  but  few  localities."  They 
stand  in  the  closest  relation  to  the  Tdlchir  beds,  and  can  hardly  be  regarded  as  a 
separate  division.  Here  and  there  they  contain  coal-seams,  and  are  then  often 
rather  rich  in  plant  remains. 

Up  to  the  present  Feistmantel  has  described  the  following  species  frpm  these 
beds : — 

Schiaoneura  cf.  meriani,  Schimp. 

Vettebraria  indicut  ^oyle, 

Neuropteris  valida^  Fstm. 

Gangamopieris  cyclopteroides.    Fstm.  in  many  varieties. 

,t  buriadtca,  Fstm. 

n  major f  Fstm, 

„  angusti/olia,  McCoy, 

Clossopteris  communis,  Fstm, 

„  decipiens,  Fstm. 

Sagenopteris  stolicskanat     Fstm. 
Glossoaamites  stolicakanuSt    Fstm, 
N agger athiopsis  hislopi,  Bunb.f  sp. 
Euryphyllum  whittianum,     Fstm, 
Volttia  heterophylla,     Brogn, 
Albertia,     sp, 

Samoropsis  cf.parvida,  Heer^ 
Carpolithes  milleri^     Fstm, 

"  The  most  abundant  form  is  a  Gangamopieris,  The  Volizta  {V,  heierophylla)  is  a 
characteristic  Lower  Triassic  (Bunter)  form  in  Europe.  The  NeuropierU  and  AU 
her  Ha  are  also  nearly  related  to  the  Lower  Triassic  forms.  The  species  of  Gangam- 
opiertSj  Glossopieris,  Vertebrqria  and  Nceggerathtopm  are  allied  to  forms  found  in 
Australian  strata."  I  myself  had  occasion  to  study  the  Karharbdri  beds  more  closely 
during  an  excursion  which  I  made  in  the  summer  of  1871  with  Dr.  Stoliczka.  Mr. 
Heine,  a  German,  was  then  manager  of  the  collieries  at  Karharbdri.  He  had  just  then 
bared  the  coal  seams  in  a  couple  of  open  workings,  and  invited  us  to  inspect  these 
workings.  We  found  two  seams  exposed  to  daylight  (at  small  depths)  in  terrace-like 
steps  by  the  clearing  away  of  the  overlying  sandstone  mass,  so  that  only  a  thin 
layer  of  shale  covered  the  coal  itself.  The  exposed  surface  measured  at  the  lowest 
estimate  many  square  metres,  and  was  covered  with  well-preserved  plant  remains, — a 
real  joy  to  the  eye  of  a  palaeontologist.  Unluckily  the  harvest  was  not  so  great  as 
we  had  expected.    It  was  the  hot  season ;  and  the  shales  had  been  exposed  for 
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several  days  to  the  glowing  son  and  to  the  fnrnace  blasts  of  the  hot  winds,  and  the 
rock  was  in  consequence  so  cracked  that  it  cmmbled  away  nnder  the  lightest 
touch  of  chisel  or  hammer.  If  Mr.  Heine  had  not  previously  preserved  specimens 
for  us,  we  must  have  departed  empty-handed.  The  specimens  then  procured  formed 
;he  chief  basis  for  FeistmanteFs  descriptions.  Only  few  geological  observa^ns 
could  then  be  made  because  of  the  terrible  heat  The  beds  are  all  nearly  horizon 
tal,  but  their  relations  to  the  not  distant  beds  of  the  Damuda  coal-basin  could  not  be 
accurately  observed  because  vast  tropical  forests  cover  a  great  part  of  that  region. 

"  Damuda. — ^The  Damuda  series  consists  of  sandstones  and  shales  with  coal 
beds :  the  floras  of  the  different  sub-divisions  present  but  few  differences/'  •  •  • 
Feistmantel  has  described  the  following  species  out  of  the  Damuda  series  :-— 

ScktMOfUura  gondwanentis,  Fstm. 
Phyllotheca  Indica,  Bunb, 
„  robusta,  Fstm. 

Tritygia  speciosa,  RoyU, 
Vertebraria  indica^  RoyU, 
Cyathea  cf,  tchihatchgffit  Schmalh. 
Spkenopteris  pdymorpha^  Fstw^ 
Dicktonia  hugheti,  Fstm, 
AUthopteris  whitbyensist  Coepp. 
«  lindleyana,  Royle, 

It  phegopteroides,  Fstm, 

Pecopteris  affinis,  McCL 
iierianopteris  major ^  Fstm, 
Macrotanioptsris  danaoides,  RoyU, 

I,  feddenit  Fstm, 

Palaovittaria  kurzi,  Fstm. 
Angiopteridium  cf.  m^clellandi,  Oldh. 

i»  in/r actum,  Fstm, 

Clossopteris  communis,  Fstm, 
„  intermittens,  Fstm, 

If  stricta,  Bunb, 

„  musa/olia,  Bunb, 

„  indica,  Schimp, 

„  browniafM,  Bgt, 

,1  intermedia,  Fstm, 

ft  retiferOf  Fstm, 

,1  conspicua,  Fstm, 

„  ingens,  Fstm, 

„  divergens,  Fstm, 

I,  damudica,  Fstm, 

angustifolia,  Bgt, 
Uptoneura,  Bunb, 
formosa,  Fstm, 
I,  orbicularist  Fstm^, 

Cangamopteris  anthrophyoides,  Fstm, 
„  tokittianOf  Fstm, 

I,  kughesi,  Fstm. 

„  cyclopteroideSf  Fstm. 

Belemnopteris  wood-masonif  Fstm, 
Anthrophyopsis,  sp, 
Dictyopteridium,  sp. 
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Sagenoptitis  logifolia^  Fsim, 

n  polyphylla,  Fstm. 

Aetinopteris  bengalensisy  Fstm. 
Pterophyllum  burdwanenstt  M*Q.,  sp, 

AnomoaamiteSi  sp, 
Nceggetaihiopsi*  hislopi,  Fstm. 
Rkipidopsis  densinetvis^  Fstm, 

Volt»ia  heterophylla,  Brgt, 
Samaropsis  cf.  parvulat  ffeer. 

Besides  these  a  few  animal  remains  were  found,  zris.— 

Estkeria  mangaliensis,  yones, 
Btachyops  laticeps,  Owen. 
Condwanosaufus  bijorensia^  Lyd, 

Of  these  remains  there  is  nothing  more  to  be  said  than  that  Brachyops  is  more  or 
less  nearly  related,  while  Gondwanosaurus  approaches  very  closely  to  Archegosau* 
rus. 

"  The  most  abundant  of  the  above-named  fossils  are  Glossopieris  and  Veriehraria. 
With  the  exception  of  Noeggerathwpsis^  all  the  cycads  and  conifers  are  of  excessive 
rarity.  More  than  one-half  of  the  species  known  are  ferns  with  simple  undivided 
fronds  and  anastomosing  venation." 

"  For  many  years  European  palaeontologists  generally  classed  this  flora  as  Jurassic. 
This  was  the  view  accepted  by  De  Zigno  and  Schimper,  and,  though  with  more 
hesitation,  by  Bunbury.  The  species  of  Phyllotheca,  AUthopteris  (pt  Pecopferis),  and 
Glossopieris  (allied  to  Sagenopterts)  were  considered  to  exhibit  marked  Jurassic 
affinities.  It  was  generally  admitted  that  the  Damuda  flora  resembles  that  of  the 
Australian  coal-measures  •  •  •  •  more  than  it  does  that  from  any  known 
European  formation ;  but  the  Australian  plants  were  also  classed  as  Jurassic.  There 
is  no  reason  for  supposing  that  the  more  recent  discoveries  of  Damuda  plants  would 
have  modified  this  view;  the  identification  of  such  forms  as  true  Sagenopterts 
and  the  cycads  Pterophyllum  and  Anomozamites  would  assuredly  have  been  held 
to  confirm  the  Jurassic  age  of  the  beds.  So  far  as  European  fossil  plants  are 
concerned,  the  Damuda  flora  resembles  that  of  the  Middle  or  Lower  Jurassics 
more  than  any  other. 

"  One  form,  it  is  true,  the  Schizoneura^  is  closely  allied  to  ^S.  paradoxa  from 
the  Bunter  or  lower  Trias  of  Europe.  Other  plants  have  Rhsetic  affinities.  But  the 
connections  with  the  Triassic  flora  do  not  seem  nearly  equal  to  those  shown  with 
Jurassic  plants,  and  the  reason  that  the  Damuda  flora  has  been  classed  as  probably 
Triassic  must  be  sought  in  the  impossibility  of  considering  it  newer,  if  the  next  over- 
lying  stage  is  classed  as  Upper  Trias  or  Rhaetic,  and  in  the  close  affinity  with  the 
underlying  Karharbdri  beds,  which  contain  several  Lower  Triassic  types. 

*'Panchet. — The  uppermost  series  of  the  Lower  Gondwanas  consists  chiefly  of 
sandstone,  and  fossils  are  rare.  The  most  interesting  are  remains  of  Reptilia 
and  Amphibia**    The  following  is  a  list  of  the  faunna  and  flora : — 

Epicampodon  indicuSi  Huxley,  sp. 
Dicynodon  orientedist  ffuxL 
Pachygonia  incurvata,  HuxL 
Conioglyptus  longirostriSf  HuxL 
„  huxleyif  Lyd, 
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GlyttognathusfttxgiliSt  Lyd, 

Estheria,  sp. 

Sckiaoneura  gondwanenM^  Fstm. 

VerteWaria  indiea,  Royle, 

Pecopteris  eoncinna,  Prtsl. 

Cyclopteris  pachyrrhachis,  Goepp. 

Thinnfeldia  cf,  odontopteroides,  Mort, ,  sp, 

Oleandridium  cf,  stenoneurottt  Schenk. 

Glossopteris  communis^  Fstm, 

„  indiea,  Schimp, 

„  damudica,  Fstm. 

„  angustifolia,  Bgt, 

SamaropsU  cf,  parvula,  Hger* 

The  Schizoneura,  the  Vertehraria  and  the  various  species  of  Glossopteris  are 
identical  with  those  found  in  the  Damuda  beds.  Besides  them  are  several  species 
identical  with  those  of  the  Rhaetic  beds  of  Europe,  and  two  others  have  their  nearest 
relatives  in  these  beds,  and  thus  perhaps  the  whole  flora  of  the  Panchets  may  be 
regarded  as  Rhsetic,  or  at  least  as  Triassic. 

"  All  the  genera  of  Lahyrinthodonts  named  are  peculiar,  their  nearest  European 
allies  are  chiefly  Tristssic.  Dicynodontia  are  only  known  with  certainty  from  India 
and  Souih  Africa,  but  some  forms  believed  to  be  nearly  allied  have  been  described 
from  the  Ural  Mountains.  These  fossils  were  obtained  from  rocks  now  referred  to 
the  Permian. 

"  Upper  Gondwanas. — ^The  diflFerent  series  of  the  lower  Gondwanas  are  found  in 
the  same  area  resting  one  upon  the  other,  so  that  the  sequence  is  determined  geo- 
logically. This  is  not  the  case  with  the  upper  Gondwana  groups;  their  most  fossili- 
ferous  representatives  are  found  in  different  parts  of  the  country,  and  the  relations  to 
each  other  are  mainly  inferred  from  palaeobotanical  data.  Although,  therefore,  it  is 
probable  that  the  Rdjmahdls  are  older  than  the  Cutch  and  Jabalpur  beds,  and  that 
the  Kota-Maleri  strata  are  of  intermediate  age,  it  is  quite  possible  that  two  or  more 
of  these  series  may  have  been  contemporaneously  formed  in  regions  with  a  different 
flora. 

"  RajmahdL — The  comparatively  rich  flora  of  the  lowest  upper  Gondwana  series 
is  contained  in  beds  interstratified  wiih  basaltic  lava-flows  of  the  fissure-eruption  type." 
The  following  are  the  genera  of  plants  found  : — 

Egui^etum  rajmahalense,  Schimp, 
Gleichenia  bindrabunensis^  Schimp, 
Danaopsis  rajmahalensis,  Fstm, 
Dicksonia  bindrabunensis,  Fstm, 
Hymenophyllites  bunbufyanus,  CHdh, 
Pecopteris  lobata,  Oldh. 
Sphenoptetis  hislopi,  Oldh, 

„  membranosaj  Fstm, 

Cyclopteris  oldhami,  Fstm, 
Thinnfeldia  indiea,  Fstm, 
Asplenites  macroearpus,  Oldh, 
Macrotaniopteris  crassinervis,  Fstm, 

„  lata,  Oldh, 

„  morrisi,  Oldh, 

M  ovata,  Schimp^ 
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AngiopUridium  spathulatum,  ATCL,  sp. 
m^clellandi,  Oldh,^  sp, 
ensist  Oldh.,  sp. 
RhtBomopteris  balli,  Fstnt. 
Lycopodites  gracilis ^  Fsim, 
Pteropkyllum  carterianum^  Oldh, 
„  crassufHt  Morr. 

„  disians,  Aforr, 

i»  kingianum^  Fstm, 

,,  medlicottianum^  Oldh. 

If  propinquum  Goepp. 

„  rajmahalense,  Afarr, 

Anomoaatnites  fitsus,  Fstm, 

,,  morrisianus,  Oldh,^  sp, 

„  princepSf  Oldh.,  sp, 

Zamites  proximus,  Fstm, 
PHlophyllum  tenerrimum,  Fstm. 
Otoaamites  abbreviatus,  Fstm. 
J,  bengalensiSf  Schimp, 

„  oldhamif  Fstm, 

DictyoBamites  indicus,  Fstm. 
Cycadites  confertus,  Oldh. 

,,        tajmaholensis  Oldh, 
Williamsonia  cf*  gigas^  Cert . 

„  micropSy  F^tm. 

Cycardinocarpus  rajmahalensis,  Fstm. 
Palissya  con/ertA,  Oldh.,  sp. 

tt         indicA,  Oldh.,  sp. 
Cheirolepis  cf.  munsteri^  Schimp, 
Araucarites  macropterus,  Fstm. 
CunninghamiteSf  sp. 
EchinostrobtiS  rajmahalensis,  Fstm, 

"The  marked  change  from  the  Lower  Gondwana  floras  is  visible  at  a  glance; 
not  a  single  species  is  common  to  both,  most  of  the  genera  are  distinct,  and  the 
difference  is  even  greater  when  the  commonest  plants  are  compared.  In  the  Lower 
Gondwanas  the  prevalent  forms  are  Equisetacem  and  ferns  of  the  Glossopteris  type, 
whilst  in  the  Rdjmahdl  flora  cjcads  are  by  far  more  abundant  than  any  other  plants. 
The  whole  assemblage,  moreover,  is  more  nearly  allied  than  are  any  ofthosejin  the 
Lower  G6ndwana  beds  to  European  mesozoic  floras. 

"  Of  the  Rajmahdl  plants  about  fifteen  are  allied  to  Rha;tic  European  forms, 
three  to  Liassic  or  lower  Jurassic  (two  of  these  having  also  Rhaetic  affinities),  and 
six  to  Middle  Jurassic  (two  having  Rhaetic  relations  as  well).  The  flora  must 
therefore,  as  a  whole  on  purely  palseontological  grounds,  be  classed  as  Rhaetic." 

Although  Professor  Feistmantel  wishes  to  have  the  Rajmahdl  beds  also  regarded  as 
LiaFsic,  he  cannot  adduce  any  cogent  reasons  for  it ;  though  it  is  not  meant  to  imply 
hereby  that  these  beds  might  not  in  part  be  contemporaneous  with  liassic  formations. 

**Koia  Maleri. — The  deposits  belonging  to  this  series  are  found  in  the  Goda- 
vari  valley  at  a  considerable  distance  from  the  Rijmahdl  hills  in  Bengal,  the  loca- 
lity for  Ihe  Rdjmahdl  flora.  Both  Rdjmahil  and  Kota-Maleri  beds  overlie  rocks  of 
the  Damuda  series.  It  is  not  quite  clear  whether  the  Kota  beds,  which  contain  fish, 
insects,  and  crustaceans,  and  the  Maleri  beds,  in  which  remains  of  fish,  reptiles,  and 
plants  are  founds  are  interstratified,   or  whether  the  Kota  beds  overlie  those  of 
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Maleri.    That  the  two  are  closely  connected  is  generally  admitted."    From  the 
Maleri  beds  the  following  remains  have  been  recorded : — 

Hyptrodapedon  huxleyi^  Lyd, 
Parasuchus  hislopi,  Lyd, 
Packygonia  tf,  incutvaia^  Huxl, 
Scuta  of  undetermined  Labyrinthodonta, 
Ceratodus  virapa,  Oldh, 

„         hunterianust  Oldh. 
„         hishpianus,  Oldh. 
Lcpidotus  pachylepis,  Eg, 

„  calearatus,  Eg, 

„  deccanensis,  Sykes,  Eg. 

„  langiceps,  Eg, 

„  breviceps.  Eg. 

Tetragonolepis  otdhami,  Eg, 
„  analis.  Eg. 

„  urgosus,  Eg, 

Dapedius  egertoni,  Sykes, 
Esther ia  kotahensis,  fones, 
Candona  kotahensis,  Jones, 
Angiopteridium  spathulatum,  M*Ct, 
PtilophyUum  acutifdium,  Morr. 
CycaditeSf  sp. 
Palissya  con/erta,  Oldh, 

„        Jabalpurensis,  Fstm. 

„        indica,  Oldh. 
Chirolepis,  sp. 
Araucarites  cutchensis,  Fstm. 

In  South  Rewa  remains  of  Belodon  and  (?)  Thecodoniosaurus  were   found  in 
beds  of  probably  similar  age,  while  from   Denwa  a  Masiodonsaurus  has  been 

described. 

"  The  fish  are  Liassic  forms."  The  reptilia  of  the  Maleri  beds  are  on  the  other 
hand  triassic.  "  Ceratodus  is  chiefly  triassic."  But  it  occurs  also  in  the  Permian 
and  Jurassic.  The  plants  show  relations  with  both  the  R^jmahdl  and  Jabalpur 
floras  ;  and  as  the  palaeontological  relations  to  beds  in  the  same  country  are  consi- 
dered  far  higher  in  importance  than  those  to  deposits  in  distant  regions,  the  Kota 
Maleri   beds  are  classed  as  intermediate  between  the    Rdjmahdl  and  Jabalpur 

epochs. 

**  Culch  and  Jabalpur, — ^The  Jabalpur  beds  are  found  in  Central  India  to  the  south 
of  the  Nerbudda  valley,  and  form  the  highest  true  Gondwana  beds.  The  Cutch 
beds,  as  already  mentioned,  are  found  interstratified  with  marine  deposits  of  upper- 
most Jurassic  age  far  to  the  westward,  a  little  east  of  the  mouths  of  the  river  Indus. 
The  similarity  of  the  plant  remains  in  the  two  series  has  caused  them  to  be  classed 
together,  but  it  is  not  certain  that  they  are  really  of  contemporaneous  origin." 
Similar  beds  have  also  been  found  in  South  India  on  the  east  coast  near  the  mouth 
of  the  Godavari,  but  their  flora  is  already  somewhat  differentiated. 

The  following  species  have  been  determined  up  to  date  out  of  the  Jabalpur 
beds:— 

Sphenopteris  ef,  arguta*  L,  and  H. 
Dicksonia,  sp. 
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Aleikopieris  lobifolia,  Schimp, 
„  midlicottiana  Oldh, 

„  whitbyensis,  Cdpp, 

Maeroianiopierist  sp, 
Clossopteris  cf,  communit, 
Sagenopteris,  sp, 

Podotamites  laneeoiaiuSf  L,  and  H, 
„  tpathulatus,  Fstm, 

„  hacketi,  Fstm. 

OtOMamites  kislopi,  Oldlu 
M  gracilist  Schimp, 

„  disianst  Fsim, 

„  angusiaius,  Fsinu 

Ptilophylium  acuH/olium, 

t,  eutohensi^  Morr* 

Pterophyllum  nerhuddiacum^  Fstm, 
Williamsonia  ^.  gigas^  Corr, 
Cycadites  cf,  graminenst  /Jeer. 
Palissva  indica^  Oldk, 

,,.      jalalpurensist  Fsim, 
Araueatites  cutchensis,  Fstm. 
Brachyphyllum  mamiliare,  L.  and  H, 
Echinostrobws  expansuSf  Schimp, 
Taxites  ienerrimuSf  Fstm, 
Cinko  lobata,  Fstm, 
Cxekanowskia,  sp, 
Phcgnicopsit,  sp. 

Of  these  plants  six  are  identical  with  species  from  the  lower  Oolite  of  England, 
and  a  few  others  are  nearly  related  to  the  same.  The  occurrence  of  Glossopieris 
and  Sagenopteris  gives  a  somewhat  archaic  aspect  to  the  whole  flora.  Besides  the 
above  are  four  [species,  which  are  identical  with  four  others  from  the  Rijmahdl 
beds. 

The  following  fossil  plants  were  procured  in  the  peninsula  of  Cutch : — 

Chondrites  dichotomus^  Morr, 
OlSandridium  vUtatum^  Brgt, 
Taniopteris  densinervia,  F»tm, 

•  Atethcpteris  whitbyensiSf  Brgt, 
Pecopteris  tenera^  Fstm, 
Pachypteris  specifica,  Fstm. 

„  brevipinnata,  Fstm, 

Actinopteris,  sp. 

•  Ptilophylium  cntchense,  Morr, 

•  „  acuti/olium,  Morr. 

„  brachyphyllum,  Fstm, 

OtoMamites  contiguus^  Fstm. 

„  imbricatus,  Fstm. 

II         ^»  goldiiBi,  Brgt. 
Cycadites  cutchensis,  Fstm. 
Williamsonia  blanfordi,  Fstm, 
Cycadolepis  pilosa,  Fstm, 
Palissya  boojoorensis,  Fsim, 
Pachyphyllum  divaricatum,  Bunb, 
Eckinostrobus  expansus,  Schimp, 
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The  species  marked  with  asterisks  are  identical  with  species  from  the  Jabalpur 
beds,  and  it  is  possible  also  that  one  of  the  unnamed  species  of  Palissya  may  also 
have  to  be  regarded  as  identical.  Seven  are,  according  to  Feistmantel,  identical 
with  species  from  the  Lower  Oolite  of  Yorkshire,  and  further,  three  very  closely 
related  ;  but  probably  the  identity  of  only  the  four  is  really  established. 

The  plant-bearing  beds  are  in  their  lower  parts  interbedded  with  marine  deposits* 
which  represent  the  upper  division  of  a  long  series  of  Jurassic  beds,  within  the 
limits  of  which  all  the  zones  of  the  Kelloway,  Oxford,  and  Kimmeridge  groups  are 
represented. 

The  upper  bed  in  particular  has  yielded  the  following  cephalopoda  :— 

Haplocerat  cf.  iomephofutn^  Ziit, 
Aspidocera$  wynnei,  Waagen, 
Peritphinctes  cf,  suprajurensis,  Orb, 

„  bleicherif  Lor, 

,9  occuliefurcatuSf  Waagen» 

„  eudichotomuSi  Zitt. 

All  these  are  Portland-Tithonian  types.  The  plant-bearing  beds  are  overlaid 
by  Aptian  deposits. 

This  concludes  the  series  of  the  several  divisions  of  the  Gondwana  system.  To 
enter  further  into  the  controversies  as  to  the  real  age  of  these  uppermost  plant  beds 
would  take  me  beyond  the  scope  of  the  present  work. 

The  final  result  of  the  whole  presentment  appears  to  be  that  there  exists  in  India 
a  great  rock  system  which  includes  at  its  base  glacial  deposits,  and  which,  according 
to  the  fossil  plants  it  contains,  has  been  regarded  as  belonging  to  the  Mesozoic  era. 
But  doubts  as  to  this  conclusion  were  advanced  because  it  appeared  probable  on 
geological  grounds,  that  the  lower  divisions  of  the  system  were  of  greater  antiquity. 
W.  T.  Blanford  has  sought  to  prove  by  arduous  and  spirited  deductions  that  the 
Tdlchirs  and  Damudas  answer  to  the  Permian  of  Europe,  and  in  so  doing  came 
very  near  to  the  truth,  but  he  had  no  positive  proofs ;  and  thus  the  palaeoplytologists 
were  still  at  liberty  to  abide  by  their  views,  and  to  regard  the  type  of  the  floras  as 
determinant  of  the  age  of  the  formations. 

Blanford  had  in  his  deductions  already  partially  leant  upon  the  presence  of  the 
glacial  formations. 

II. — South  Africa. 

In  the  matter  of  geological  details  in  Africa  we  are  unfortunately  much  less 
well-informed  than  could  be  desired,  or  than  we  are  with  regard  to  India.  Roughly 
sketched,  the  geological  structure  of  South  Africa  may  be  represented  as  a  vast 
sandstone  region  occupying  the  entire  centre,  the  margins  of  which  are  framed  by  a 
broad  belt  of  older  formations,  crystalline  rocks,  old  slates,  and  Devonian  beds.  On 
the  outside  edge  along  the  coast  small  tracts  of  the  central  sandstone  formation 
re-appear  in  isolated  patches  ;  here,  however,  the  sandstones  are  interbedded  with 
marine  formations,  which  are  entirely  wanting  in  the  central  area. 

The  whole  structure  itself  reminds  one  strongly  of  the  conditions  pertaining  in 
India;  and  the  resemblance  becomes  yet  more  striking  the  more  one  goes  into 
detail. 

It  is  the  central  sandstone  formation,  the  so-called  Karoo  formation,  which  is 
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•especially  interesting.  This  formation  spreads  itself  throughout  the  north  part  of 
the  Cape  Colony,  the  Orange  Free  State,  Natal,  the  Transvaal,  and  the  deserts  lying 
further  westward,  and  shows  a  series  of  sandstones  and  shales  (interrupted  here  and 
there  by  eruptive  rocks),  which  attains  a  maximum  thickness  of  about  5,000  feet. 
The  basis  of  the  whole  system  is  a  rather  varied  one,  as  it  for  the  most  part  rests  un- 
comformably  on  the  older  rocks. 

Most  frequently  the  basis  consists  of  the  so-called  Table  Mountain  sandstones, 
whose  age  has  been  much  disputed.  They  are  generally  regarded  as  Devonian,  but 
in  an  essay  which  has  just  appeared,  E.  Cohen^  has  shown  that  they  should  preferably 
be  reckoned  to  the  Carboniferous  system.  They  rest  partly  in  unconformity  on  clay- 
slates  of  probably  Silurian  age,  and  partly  conformably  on  the  richly  fossiliferous 
Devonian  grey-wackes  of  the  Bokkeveld.  Other  whitish  or  yellowish  sandstones 
which  appear  on  the  Witteberg  and  Zuurberg,  as  also  near  Graham's  Town, 
Winterhock*  and  other  places,  have  yielded  remains  of  Lepidodendron.  At  Tulbagh, 
in  the  Cape  Colony,  these  beds  contain  coal,  in  which  remains  of  CalamiieSy 
Equisetum  and  Lepidodendron  are  found.' 

Overlying  these  formations  unconformably  comes  the  Karoo  formation,  which 
often  rests  directly  on  the  Devonian  grey-wackes. 

The  Karoo  formation  is  reducible  to  a  series  of  sub-formations,  which  may  be 
represented  as  follows  according  to  Wyley's  full  classification  : — 

Stormberg  beds        ••••..     T,8oo'  thick. 
Beaufort  beds    ••.••••     i»70o'     „ 
Koonap  beds iiSoo'    „ 

f  Upper  Ecca  shales 1,200'    », 

beS  )  ^^^*  conglomerate 500'— 800'  thick. 

C  Lower  Ecca  shales of  no  great  thickness. 

The  lowest  beds  of  the  lower  Ecca  shales  are  said  to  be  strongly  contorted  equally 
with  the  sandstones  which  are  connected  with  them.  They  occur  at  the  same 
places  with  the  Carboniferous  sandstones  above  referred  to  (Witteberg,  Zuurberg, 
dc.)  and  are  reported  fossiliferous. 

As  all  the  other  beds,  both  over  and  underlying,  are  nearly  absolutely  horizontal 
and  undisturbed,  the  contorted  character  of  these  shales  is  remarkable.  They  occur, 
however,  but  in  few  places. 

In  general,  the  older  deposits  are  overlaid  by  the  Ecca  conglomerate^  a  most 
remarkable  rock,  which  for  many  years  was  regarded  as  eruptive  and  called  a  ''trap 
breccia."  Dr.  Sutherland  was  the  first  who  recognized  the  action '%)f  ice  in  the 
formation  of  these  beds,  but  at  the  time  his  views  met  with  much  objection.^ 

Dr.  Sutherland  describes  the  deposit  as  composed  of  grey-blue  clayey  material, 
in  which  fragments  of  granite,  gneiss,  greenstone,  and  clay  slate  are  imbedded. 
These  fragments  are  of  very  various  sizes  from  little  grains  of  sand  to  huge  blocks, 
6  feet  in  diameter  and  weighing  from  6  to  10  tons.  These  blocks  are  generally 
smoothed,  as  if  they  had  been  to  a  certain  extent  ground  down  in  a  clayey 
sediment,  but  they  are  not  rounded  Hke  blocks  which  have  been  exposed  to  surf- 

*  E.  Cohen,  Neues  Jahrb.  f.  Min.  Geol.  u.  Pal.  V.  Beil-Band,  1887,  p.  195. 

«  Wyley,  Quart.  Jour.  Geol.  Soc.  Lend.,  XXHI,  1867,  p.  173. 

»  Griesbach.,Ibid,  XXVII,  1881,  p.  57. 

^  Quart.  Jour.  Geol.  Soc.  Lond.,  1870,  Vol.  XXVI,  p.  514. 
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action.    The  fracture  of  the  clayey  matrix  is  not  conchoidal;  and,  in  general,  dw- 
rock  shows  a  certain  tendency  to  obscure  wavy  bedding.    In  places  the  beds  show 
distinct  ripple  marks.    The  thickness  of  this  formation  is  very  various,  but  in  some 
places  it  attains  as  much  as  1,200  feet. 

These  conglomerates  rest,  as  a  rule,  unconformably  on  the  Table  Mounta^^ 
sandstones,  and  at  the  surfaces  of  contact  the  sandstones  are  generally  marled 
with  deep  grooves  and  scratchings  "  as  if  a  heavy  semi-plastic  substance  with  incli^^* 
ed  hard  and  angular  fragments  had  moved  across  it ; "  a  very  drastic  description.     ^ 
the  effects  of  a  moving  ice-mass  I 

In  an  upward  direction  the  conglomerates  pass  quite  gradually  into  the  n^^^ 
overlying  group  of  beds. 

Upper  Ecca  Shales. — ^These  are  generally  dark-grey  shales  of  very  consideral:^ 
thickness  with  but  few  intercalated  sandstones.    Locally  they  contain  coal 
and  plant  remains  are  reported  not  unfrequent,  but  up  to  the  present  only  the  gem 
Glossopteris  has  been  cited. 

Koonap  beds. — ^Brown  sandstone  and  shales,  which  latter,  however,  often  show 
greenish  tint.    Plant  remains  are  common,  particularly  in  the  upper  beds,  but 
plants  have  not  yet  been  described. 

Beaufort  beds. — ^Dark  red  greenish  or  grey  shales,  with  comparatively  few  tan< 
stone  deposits,  but  with  all  the  more  numerous  reptile-remains.  Fish  teeth  and 
impressions  also  occur  there.  The  Karoo  plant-remains,  described  by  Tate, 
said  to  have  come  out  of  these  beds,  but  might  just  as  well  have  been  derive^^^s 
from  the  Koonap  beds.  The  bed  is  unfortunately  not  sufficiently  well  known.  Th  -ae 
following  species  have  been  described : — 

Glossopteris   browniana,  Bgi, 

„  iuiherlandi,  Tate. 

„  {Dictyopteris  ?)  simplex ^  Tate. 

„  {Rubidgea)  mackayi^  Tate, 

Phyllotheca  sp. 

At  the  first  glance  it  is  clear  that  these  plants  have  a  great  resemblance  to  those 
of  the  Damuda  beds.     On  the  other  hand,  they  are  also  nearly  allied  to  similar 
species  in  Australia  as  will  be  clearly  shown  further  on. 

The  faima  of  the  Beaufort  beds  is  much  richer  than  the  flora.  Up  to  the 
present  only  vertebrate  remains  have  been  found,  a  complete  enumeration  of  which 
is  given  in  Owen's  Catalogue  of  the  Fossil  Reptilia  of  South  Africa,  contained  in  the 
British  Musfum. 

Three  groups  in  particular  are  represented— the  Dicynodonta,  the  Theriodonta, 
and  the  Dinosauria.  We  have  already  seen  that  Dicynodonta  occur  in  the  Indian 
Panchet  beds. 

The  Stormberg  3^</f.— Thick  sandstones  of  white  or  light  red  colour,  with  sub- 
ordinate beds  of  shale  and  coal  seams.  Of  plant-remains  the  following  species 
have  been  described  up  to  the  present : — 

Pecopteris  (thinnfeldia),  Bgt, 

,,  sutherlandi,  Tate, 

Cyclopteris  cuneata. 
Tceniopteris  daintreei,^ 

^  Dunn,  Report  on  the  Stormberg  Coalfield.     Geol.  Mag.,  1879,  P-  55^. 
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All  these  are  species  which  occur  equally  in  the  uppermost  plant-bearing  beds  of 
Australia.     Of  animal  remains  the  skull  of  a  mammal  has  i)»^r/';»/f  been  described 
and  received  the  name  of  Tritylodon  triglyphus} 

Neumayr  has  shown  that  this  specimen  is  remarkably  near  in  its  alliance  to  the 
genus  Triglyphus  of  Fraas  from  the  Rhaetic  bone  bed  of  Wurtemberg,  and  might 
possibly  be,  by  some,  regarded  as  generically  identical. 

If  all  the  relations  of  the  Stormberg  beds  to  the  extra-African  formations  be  con- 
sidered, it  would  appear  that  of  the  Indian  rocks  the  Rdjmahdl  and  Jabalpur  forma* 
tions  should  first  be  reckoned  as  their  equivalents. 

The  Uitenhage  group, — In  the  interior,  the  Karoo  system  terminates  with  the 
Stormberg  beds ;  but  along  the  coast,  from  the  southernmost  point  up  to  ^he  neighbour- 
hood of  Natal  and  the  Tugela  river,  appear  marine  beds  alternating  with  plant- 
bearing  beds,  which  are  assigned  partly  to  the  Jurassic,  partly  to  the  middle  and  upper 
Cretaceous  periods.  The  relations  of  these  deposits  to  the  Karoo  system  are  obscure, 
and  have  up  to  the  present  not  been  worked  out  with  sufficient  care.  But  never- 
theless the  beds  are  of  great  interest.  The  cretaceous  rocks  described  by  Griesbach 
and  Baily,  and  which  agree  most  closely  with  those  of  South  India,  we  may  here 
conveniently  neglect ;  but  the  Uitenhage  group  deserves  our  attention  all  the  more. 

The  geological  age  of  this  group  has  been  determined  with  considerable  certain- 
ty by  Neumayr's  latest  work  on  this  subject,*  and  there  can  hardly  be  any  doubt 
that  the  whole  group  must  be  regarded  as  Neocomian. 

The  most  important  fossils  with  reference  to  this  conclusion,  are  : — 

Olcostephanui  atherstoni,  Sharpg, 

„  '  bainif  Sbarpe, 

Crioceras  spinosissimutn^  Hausm^   > 
Hamites  a/ricanust  Tate. 
Trigonia  hetMogi,  Hausm, 

„       ventricosa,  Krauss. 

„       conoeardiiformis,  Krauss, 
Ptychomya  implicatai  Tate, 

The  occurrence  of  Trigonia  ventricosa  in  the  Indian  Tithonian  beds  of  Cutch  can, 
in  view  of  the  occurrence  of  the  Cephalopoda  just  named,  hardly  effect  much  change 
in  the  above  conclusion,  though  it  may  indicate  the  necessity  of  being  careful. 

But  besides  the  marine  fossils,  plant-remains  occur  also  in  these  beds,  and  Tate 
has  described  the  following  species  : — 

Otoeamites  recta,  Tate, 
PodoMamites  morrisi,  Tate, 
Palaozamia  rubidgei,  Tate. 
Peterophyllum  africanum,  Tate. 
Pecopteris  atherstoneii,  Tate. 
„  rubidgei,  Tate, 

„  africana^  Tate. 

Asplenites  tobata,  Oldh, 
Sphenopteris  antipodum,  Tate. 
Cyclop ter is  jenkinsianaf  Tate. 
?  Arthrotaxites  indicus,  Oldh. 

>  Bronns  Jahrb.,  1884,  I.,  p.  279. 

■  E.  Holub   and  M.  Neumayr ,    Ober  einige  FossUicn  aus  der  Uitenhage— Formation  in 
Sud-Africa.    Denkschr.  Kais.  Akad.  d.  Wiss.  Wien,  Vol.  XLIV. 
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Of  these  species  two  are  identical  with  Rdjmahdl  species  from  India.  The 
others  are  allied  partly  to  Rdjmahdl  species  and  partly  to  Scarborongh  species.  As 
a  whole,  the  flora  is  considered  as  Jurassic. 

The  mere  occurrence  of  Trigonia  ventricosa  in  South  Africa  and  India  leads 
ns  to  regard  these  Uitenhage  beds  as  equivalent  to  the  uppermost  divisions  of  the 
Cutch  Jurassics,  the  Umia  beds,  or  the  Cutch  plant  beds.    The  geological  conditioo^ 
are  also  agreeable  to  this.    In  Cutch  the  chief  mass  of  the  plant-beds  follows  t^  , 
Tithonian  beds,  while  in  South  Africa  the  plant-beds  alternate  with  Neocomian  dc 
posits. 

This  is  all  that  is  known  about  South  Africa.    On  the  whole,  there  appe^^ 
to  be  a  pretty  close  agreement  with  India,  but  in  the  former  region  the  conditi^>^ 
have  been  too  little  studied  to  admit  of  perfectly  certain  conclusions.    It  is  hig-l^T 
desirable  th^t  a  survey  of  South  Africa  on  the  Indian  pattern  should  be  establish^sd. 

One  uncertainty  I  must  point  out  specially.  According  to  the  earlier  writer^  i^ 
appears  that  the  £cca  beds  lie  unconformably  on  the  older  formations,  and  thatfroQ^ 
this  point  a  conformable  succession  of  deposits  occurs,  but  lately  it  has  b^?*^ 
asserted  that  they  lie  conformably  on  the  older  rocks,  and  that  the  unconfonxK.  ^? 
appears  first  between  the  Eccas  and  Koonaps.  As,  however,  the  Carboniferous  sat*  ^' 
stones  appear  to  occur  only  here  and  there,  it  is  probable  that  in  most  places 
unconformability  exists  also  between  the  Eccas  and  the  older  formations. 
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III. — Eastern  Australia. 

Although  the  existence  in  Australia  of  coal  s^ams  with  many  fossils  has  loi 
been  known,  the  great  geological  features  of  the  continent  have  been  but  little 
plored,  and  many  questions  which  one  would  much  like  to  have  answered  cannot 
solved  on  the  strength  of  the  existing  literature.    This  imperfect  knowledge  is  d 
partly  to  the  great  difficulty  of  penetrating  into  the  interior,  but  chiefly  to  the  peculi 
stratigraphical  conditions  of  the  Australian  formations. 

The  greatest  merit  for  the  geological  exploration  of  Australia  was  due  to  the  lai 
Reverend  W.  B.  Clarke,  and  it  is  specially  to  the  sub-divisions  established  by  him  f 
New  South  Wales,  in  the  first  place,  that  the  formations  of  other  districts  must 
referred.^ 

The  Carboniferous  formations  of  Australia  must  be  of  very  great  vertical  thic 
ness,  but  it  is  hard  to  make  this  out  from  what  has  been  written  about  them.     Th 
succession   is   not  everywhere   the  same,   nor  everywhere  complete.      General! 
the  carboniferous  beds  rest  unconformably  on  older  rocks  (granite,  porphyry,  &c. 
and  the  newer  members  often  overlap  the  older.     Silurian  smd  Devonian  formation; 
are  known  (the  latter  limestones  with  many  marine  animal  remains),  but  their  re 
lations  to  the  carboniferous  beds  are  very  obscure.     In  the  interior,  and  possibly  re 
prescntativc  of  the  more  easterly  marine  formations*  is  a  great  deposit  of  yello 
sandstones,  which  up  to  the  present  have  only  yielded  Lepidodcndron  and  a  specie 

Quite  lately  an  entirely  different  Fcheme  of  formations  in  New  South  Wales  has  been  pro- 
poiinded  by  Mr.  T.  W.  E.  David,  in  a  paper  read  before  the  Geological  Society  of  London,  but 
his  views  were  objected  to  in  the  discussion  which  followed  the  reading  of  the  paper.     But  the 
carboniJcrous   glacial   formations  are  most  minutely  described  in  Mr.  David's  paper,  and  their 
1  poiizon  confirmed.     Quart.  Jour.  Geol.  Soc.  Lon.  Vol.  XLIII,  1887,  p.  190. 
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of  Cyilosiigma.  These  beds  are  generally  regarded  as  Devonian.  On  these,  Car- 
boniferous beds  are  said  to  rest,  here  and  there,  in  regular  position,  but  as  to  this 
also  there  is  no  certainty. 

The  Carboniferous  beds  are  arranged  by  Clarke  as  follows  in  downward  succes- 
sion : — 

Wianamatta  beds. 
Hawksbury  beds. 
Newcastle  beds. 

f  Upper  marine  beds. 
Muree  beds  divided  into  <  Older  coal  seams. 

C  Lower  marine  beds. 

I  shall  try  to  describe  each  of  these  divisions  rather  fully. 

Muree  beds, — ^This  is,  for  our  present  purpose,  the  more  important  division ;  be- 
cause on  the  one  hand,  beds  that  have  been  formed  under  glacial  co-operation  occur 
here  largely  developed,  while  on  the  other  hand,  some  of  the  deposits  contain  marine 
fossils  which  enable  one  to  determine  the  age  of  the  beds.  There  is  certainly  much 
here  that  has  not  yet  been  sufficiently  determined,  but  some  conclusions  may  be 
safely  drawn  from  the  facts  now  known. 

As  stated  above,  Clarke  divides  this  series  into  "  Upper  marine  beds/*  "  Older 
coal  seams,"  and  "  Lower  marine  beds."  The  whole  succession  of  beds  is  probably 
best  exposed  and  most  accessible  at  Stony  Creek  and  near  Greta,  where  the  Great 
Northern  Railway  cuts  through  these  beds  and  exposes  them  in  several  cuttings, 
and  where  several  bore  holes  and  pits  have  penetrated  the  series. 

According  to  R.  D.  Oldham,  the  series  exposed  both  at  Stony  Creek  and  Greta  is 
one  and  the  same ;  the  wings  of  a  great  anticlinal  having  been  pierced.  Clarke  gives- 
lull  sections  of  the  coal  pits  at  both  places,  and  from  these  it  is  clear  that  the  main 
mass  of  the  beds  there  exposed  consists  of  coarse  conglomerate  and  boulder  deposits^ 
"which  include  subordinate  sandstones  and  shales,  and  near  the  base  several  coal  seams. 
Below  these  seams  there  occur,  according  to  Oldham,  other  marine  conglomerates. 
Nearly  all  the  beds  exposed  in  these  sections  are  fossiliferous ;  and  marine  animal 
remains  as  well  as  plants  are  contained  here  and  there  in  the  same  bed. 

The  animal  remains  are  all  of  Carboniferous  t}'pe,  and  were  fully  described  by 
L.  G.  de  Koninck  in  his  ''  Recherches  sur  les  fossiles  paI£ozoiques  de  la  nouvelle 
Galle  du  Sud."     In  this  work  74  species  out  of  176  have  been  identified  with  Euro 
pean  carboniferous  limestone  forms.    The  most  important  are : — 


*  Producius  cora,  Orb, 


semireticulaiuSf  Mart, 
flemingif  Sow. 
undatuSf  De/r, 
punctatuSf  Mart. 
fimbriatuSt  Sow, 
labriculus,  Mart. 
Stropkomena  analoga,  Phill, 

*  Orthothetcs  crenistria,  Phill. 

*  Orthis  rcsupinata,  Mart. 

,,      michclini,  Sow. 

*  Rhynch.  pU'uroJun,  Phill. 
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•  Aihyris  pUnosuIeaia,  PkUl. 

•  Spififet  lineatuSt  Mart, 

•  „       glaher.  Mart, 

•  »      pinguiSfSow, 

*    „      convolutus,  PhilL 
„       triangularis^  Mart, 
„       bistdcatut^  Sow. 

•  Spiriferina  cristata,  Schl, 

„  insculpta^  Phill. 

?  Cyrtina  septosa^  Phill. 

•  Terebratula  sacculus,  Mart. 

With  regard  to  this  h'st  it  should  be  specially  remarked  that  the  species  against 
which  an  asterisk  has  been  placed  are  distributed  through  the  whole  Carboniferoos 
formation,  and  cannot  therefore  be  used  for  determining  the  horizon  more  closely. 
Of  the  remaining  species,  M,  de.  Koninck  will  probably  not  be  able,  even  now  after 
an  interval  of  ten  years,  to  identify  several  with  their  representative  European  forms, 
since  he  has  in  his  splendid  work  on  the  Belgian  Carboniferous  Limestone,  admitted 
so  much  more  accurate  and  limited  an  idea  of  species.  It  must  be  noted,  however, 
that  even  with  the  wide  meaning  M.  de  Koninck  then  gave  to  the  idea  of  species, 
no  form  could  be  identified  with  Produclus  giganteusy  so  that  this  whole  group  of 
forms  is  certainly  not  represented.  It  is  important  to  lay  stress  on  this,  as  Productus 
giganteus  in  particular  is  one  of  the  most  characteristic  species  of  the  lower  and 
middle  carboniferous  series,  while  it  is  distinctly  wanting  in  the  upper  coal-measures. 
But/^  contra,  there  appear  in  Australia  numerous  forms  which  are  nearly  related 
to  forms  in  the  Permisui  formations  of  the  Salt-Range  (India),  eg,,  species  of  the 
genera  Warihia,  Aiomodesma  {Aphanaia)  and  Martiniopsis.  All  these  particulars 
cause  the  general  character  of  this  marine  fauna  to  appear  as  pointing  with  great 
probability  to  an  age  corresponding  with  that  of  the  upper  coal-measures  of  Europe 
and  America. 

We  shall  see  in  the  course  of  this  sketch  that  in  Australia  itself  other  grounds 
are  to  be  found  for  this  age  determination. 

According  to  Dr.  Feistmantel's  list,^  the  following  remains  were  discovered  in 
these  beds : — 

Phyllotheca,  sp. 
Cloisopteris  brovoniana,  Bgt. 

vat.  ptcpcussor^  Fsfm, 

primcpva,  Fstm, 

clarkei,  Fstm. 

elegans,  Fstm. 
Ncggerathiopsis  prisca,  Fstm, 
Aunularia  anstralis ,  Fstm, 

Although  they  mostly  show  mesozoic  characters,  these  plants  are  unquestionably 
found  occurring  together  with  the  animal  remains  above  enumerated. 

Very  important  in  every  respect  is  the  information  furnished  by  R.  D.  Oldham, 
that  the  greatest  part  of  the  beds  containing  the  above-named  plants  and  animal 

'  Notes  on   the  fossil  Flora  of  Eastern  Australia  and  Tasnaania.    Trans.  Roy.  Soc^  New- 
South  Wales,  i860. 
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remains  have  been  formed  by  the  action  of  ice.    Mr.  Oldham  visited  Greta  and 
Stony  Creek  personally,  and  described  ^  the  beds  thus  : — 

*'  Blocks  of  slate,  quartzite  and  crystalline  rocks,  for  the  most  part  sub-angular, 
are  found  scattered  through  a  matrix  of  fine  sand  or  shale,  and  these  latter  beds 
contain  delicate  Fenesielloe  and  bivalve  shells  with  the  valves  still  united,  showing 
that  they  had  lived,  died  and  been  tranquilly  preserved  where  they  are  now  found,  and 
proving,  as  conclusively  as  the  matrix  in  which  they  are  preserved,  that  they  could 
never  have  been  exposed  to  any  current  of  sufficient  force  and  rapidity  to  transport  the 
blocks  of  stone  now  found  lying  side  by  side  with  them.    These  included  fragments  of 
rock  are  of  all  sizes,  from  a  few  inches  to  several  feet  in  diameter,  the  largest  I  saw 
being  about  4  feet  across  in  every  direction  as  exposed  in  the  cutting,  and  of  unknown 
size  in  the  third  dimension ;  but  I  was  informed  by  Mr.  Wilkinson  that  in  these  same 
beds  he  has  seen  boulders  of  slate,  &C.,  whose  dimensions  may  be  measured  in  yards. 
"  It  is  impossible  to  account  for  these  features  except  by  the  action  of  ice  float- 
ing in  large  masses,  and  I  had  the  good  fortune  to  discover,  in  the  Railway  cutting 
near  Branxton,  a  fragment  beautifully  smoothed  and  striated  in  the  manner  character- 
istic  of  glacier  action,  besides  at  least  two  others  which  showed  the  same  feature, 
liough  obscurely.    This  seems  to  show  that  the  ice  was  of  the  nature  of  icebergs 
M'oken  off  from  a  glacier  which  descended  to  the  sea-level." 

Such  are  the  conditions  which  are  found  in  the  sections  along  the  railway  west 
3f  Newcastle,  and  chiefly  near  Greta  and  in  the  Stony  Creek ;  but  this  does  not  ex- 
haust all  that  has  to  be  said  about  the  Muree  beds. 

In  other  parts  of  the  country  as  near  Stroud,  Arowa,  Port  Stephens  and  Smith's 
Creek,  there  is  yet  another  flora  which  does  not  occur  at  Greta,  Ac,  but  must  certainly 
be  older  than  that  above  described.  This  older  flora  consists,  according  to  Feist- 
mantel,  of  the  following  species  : — 

Calamines  radi'afuSf  Bgl. 
Spheno/'hvliuntf  sp. 
Rhacopteris  intrquilatera,  Gcipp. 

,,  inter ntediof  Fstm, 

,,  cf.  TCP  met  iy  Fstm. 

„  septentrionalis,  Fstm. 

Archanpteris  wilkinsoni,  Fstm. 
Cyclostigma  a  us  ^  rale,  Fstm* 
Ltpidodettdron  velthtitnianumy  Stbg, 
„  volkmannianumf  Stbg. 

These  beds  appear,  according  to  Clarke's  paper  on  the  sedimentary  formations  of 
New  South  Wales  (p.  29),  to  pass  down  into  the  Lepidodendron  sandstone,  but  the 
statement  is  not  quite  sufl5ciently  clear.  According  to  G.  Mackenzie's  section  of 
Jtroud,  published  by  Feistmantel,  marine  beds  occur  again  between  the  plant  beds 
ind  the  Lepidodendron  sandstones,  and  contain  Conularia,  Fenes/ella,  Produc/us,  and 
Crinotdea^  but  this  marine  fauna  has  not  yet  been  closely  studied. 

Feistmantel  regards  the  flora  of  these  beds  as  certainly  indicative  that  they  are 
)f  the  carboniferous  limestone  age. 

This  fact  is  one  more  reason  for  assigning  the  marine  beds  of  Stony  Creek  to 
he  age  of  the  upper  coal-measures,  "^ 

*  Rec.  Geol.  Surv.  Ind.  Vol.  XIX.,  p.  44. 
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Thi  Newcastle  heds.—Tht^t  consist  mainly  of  sandstones  with  saborditiate  shales 
and  coal  seams.  Their  sectional  thickness  is  unknown  to  me,  but  Clarke  in  a  sec- 
tion of  Burragorang  gives  a  thickness  of  716  feet.  The  seams  yield  a  fairly  good 
coal  and  are  worked  in  numerous  pits. 

Of  organic  remains  plants  seem  very  common,  but  marine  animals  are  entirely 
wanting.    Up  to  the  present  the  following  have  been  described  : — 

Phyllotheca  aus traits^  McCoy, 
Vet iebr aria  auttralis,  McCoy, 
Sphitiopieris  hbifolia^  Mort, 

„  alaia,  Bgi, 

„  „       vat.  exiliSt  Morr, 

,9  hastaiOf  MeCoy, 

germanaf  MeCoy* 
plumosa,  McCoy, 
flexMOsOt  McCoy, 
Glossopfcris  browniana,  Bgt, 

„  linearis,  McCoy, 

„  ampla,  Dana. 

„  reiieula,  Dana. 

„  cordaia,  Dana, 

I,  wilkinsoni,  Fstm. 

,,  patallela,  Fstm, 

Cangamopteris  angustifolia,  McCoy, 

„  clarkianay  Fstm, 

Canhpteris  adamsi,  Fstm. 
Zcugophyliites  elongatms,  Morr, 
Naiggerathiopsis  spathulata,  Dana. 

„  media,  Dana, 

Brachyphyllum  anstraUj  Fstm. 

Oi  animal  remains  only  one  fish,  Urosthenes  australis,  Dana,  was  found. 

The  beds  arc  most  closely  connected  with  the  underlying  ones,  and  were  only 
distinguished  from  the  older  division  because  of  the  absence  of  marine  fossils  and 
because  of  certain  diflorences  in  the  flora.  They  probably  stand  in  a  similar  rela- 
tion to  the  Muree  beds,  as  in  India  the  Kdrharb^  beds  do  to  the  T^lchir  beds. 

These  beds  are  of  special  interest,  as  it  was  they  which,  together  with  the  under- 
lying Muree  beds  (whose  separation  was  not  at  first  attempted,  but  was  only  intro- 
duccil  by  Feistnianlel),  led  to  a  comparison  of  the  Indian  coal-measures  with 
the  Australian,  and  thus  caused  the  former  to  be  regarded  as  palaeozoic.  Although 
Feistmanlol  has  lately  attempted  to  show  that  the  floras  of  the  Damuda  beds  and  of 
the  Newcastle  beds  do  not  agree  so*  closely  as  has  been  hitherto  assumed,  yet  a 
large  nunU)er  of  the  species  is  identical.  Feistmantel  places  the  Damuda  beds 
parallel  only  with  the  next  higher  sub-division,  the  Hawksbury  beds. 

'l/iK-  JAnc.kv:/*i4n'  htJs, — These  are  thick  coarse-grained  sandstones  which  show 
siiiguhir  weathering  forms,  especially  in  the  upper  beds,  and  often  form  rock  masses 
which  are  not  unlike  ruined  castles.  At  the  base,  immediately  above  the  Newcastle 
Ih»iIs,  come  ilaik  violet- red  marls  rarely  iniemipted  by  sandstones,  while  higher  up 
saiulsioncs  piedomiitate.     Thev  show  vellowish  or  reddish  to  reddish-brown  colours 

•  •  • 

and  pahs  hoi|nonily  into  conglomerates,     Beds  of  brown  ironstone  in  part  irapreg- 
n  M.  il  with  caiboa  nie  not  rare,  some  attain  great  thickness  and  are  then  mined. 
The  lolnl  thickness  is  given  by  Clarke  at  Sco  to  i.ooo  feet. 


PART  3.]  WaagEN  :  The  Carboniferous  Glacial  Period.  109 

Fossils  are  not  common  in  this  sub-division,  only  a  couple  of  fishes  and  a  few 
plants  having  as  yet  been  found.    They  represent  the  following  species : — 

Cl^ilhrolepU  granulatuSt  Eg, 
Myriolepis  clarkei,  Eg 
Thinnfeldia  odontopteroideSf  Fstm, 
Sphenopteris,  sp, 
CdontopieriSf  sp. 

It  is  noteworthy  that  in  these  beds  again  traces  of  ice-action  are  recorded.  The 
shale  beds  often  show  a  very  peculiar  structure.  Great  angular  blocks  of  shale  are 
often  met  lying  together  in  great  confusion,  the  spaces  between  them  being  filled 
with  sand  or  small  gravel.  Wilkinson,^  who  first  drew  attention  to  this  believes  that 
great  moving  masses  of  ice  were  the  cause  of  these  appearances,  that  in  other 
words  they  are  appearances  caused  by  the  stranding  of  ice  floes. 

That  ice  action  participated  in  the  formation  of  this  deposit  was  also*  confirmed 
by  Haast.* 

As  mentioned  above,  the  Hawksbury  beds  were  correlated  by  Feistmantel  with  the 
Indian  Talchirs,  and  perhaps  partly  with  the  Damudas.    This  correlation  is  however 
not  based  on  palaeontological  data,  but  on  the  fact  that  traces  of  ice-action  are 
found  in  both  formations.    This  correlation  has,  however,  been  lately  much  called 
in  question  by  R.  D.  Oldham,^  and  it  must  be  conceded  that  such  correlation  is 
not  a  very  natural  one.    But  it  appears  equally  unnatural  to  correlate  the  New- 
castle beds  with  the  Damudas,  as  is  done  by  Oldham.    Much  the  most  probable 
<:orrelation  is  to  regard  the  Tdlchirs  as  the  equivalent  of  the  Muree  beds,  and  the 
Kdrharbdris  as  equivalent  of  the  Newcastle   beds.      Gangamopuris  and  Glossop- 
Jeris  occur  frequently  in  both  formations,  and   Gangamopteris  is  common  to  both. 
The  Damudas  would  then  appear  to  have  to  be  considered  as  of  Hawksbury  age, 
but  the  possibility  must  not  be  lost  sight  of  that  the  Damudas  may  yet  in  part  reach 
down  to  the  Newcastle  beds. 

Wianamatta  beds, — According  to  Clarke,  these  beds  appear  to  follow  the  Hawks- 
bury's  with  imperfect  conformity ;  and  here  appears  for  the  first  time  a  break  in 
sequence  of  the  Australian  coal-measures.  The  Hawksburys  appear  to  have  been 
considerably  denuded  before  the  Wianamattas  were  deposited.  These  latter  consist 
mainly  of  soft  shales  and  fine-grained  sandstones  which  give  rise  to  hills  of  rounded 
outline.     I  can  nowhere  find  any  statement  of  their  thickness. 

Jn  the  shales  as  well  as  in  nodules  of  spherosiderite,  fish  and  plant-remains  are 
found,  and  up  to  the  present  the  following  species  have  been  identified : — 

Palaonitcus  antipodeus,  Eg. 
Cieithrolepis  gtanulatus,  Eg, 
Thinnfeldia  odontopter aides ^  Fstm, 
Odontopteris  mictophylla,  McCoy, 
Pecopteris  tenui/olia,  McCoy. 
Macrotaniopteris  nianamaita,  Fsim, 

This  flora  is  regarded  by  Feistmantel  as  Triassic,  and  treated  as  equivalent  to  the 
Indian  Damudas. 

'  Trans.  Roy.  Soc.  New  South  Wales,  1879  and  1884,  XIII,  p.  105. 
■  Feistmantel,  Rec.  Geol.  Surv.  Ind.  XIII,  pp.  251-2. 
'  Rec.  Geol.  Surv.  Ind.  XIX,  pp.  42-45. 
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Tlic  occurrence  of  JhinnfeUia  odoniopieroides^  however,  appears  to  me  to  point 
rather  to  a  relationship  >vith  the  Panchets.  Of  the  fishes,  Palceomscus  is  generallj 
regarded  as  Permian,  while  (Uithrolepis  reminds  one  more  of  Mesozoic  forms. 

On  the  whole,  the  scries  of  formations  in  New  South  Wales  terminates  with  the 
Wianamatta  bods  :  it  is  only  here  and  there  that  yet  younger  beds  have  been  found. 
Siu'h  nods  have  boon  described  by  Wilkinson  as  occurring  in  the  Clarence  River, 
and  Fcislmantcl  refers  to  two  species  of  plants  derived  from  them : — 

To'tiioptfris  daintreei,  McCoy, 
.1.,.  .  o.'fMi  must  rail's,  McCoy, 

Roih  these  species  arc  important  for  the  correct  classification  of  particular  forma- 
tions which  h?ive  U^en  fo';iiJ  el<ewhero  in  Australia. 

So  far  this  sketch  has  had  icfercncc  only  to  the  succession  of  deposits  in  New  South 
Wrtlos,  but  wo  must  turn  our  eyes  towards  the  other  provinces  of  Eastern  Australia. 
In  Queonsland»  coHl-measuros  are  known  belonging  to  two  periods.  The  older 
of  those,  which  lies  more  lo  the  north,  contains  marine  fossils  of  Carboniferous  type 
rtiul  ronuuns  of  ( i7<^xjf. /.'ir/>,  Sch/zop/tris  and  Ptcopterh.  In  these  formations  also 
truces  of  itc-aciion  have  l^een  pointed  out.^ 

The  more  southerly  coal-measures  are  younger  in  age,  and  their  flora  shows  the 
following  species: — 

Sp\tncfie^\s  ftongata^  Carr, 
THimn^tUia  t\i%>nt^ptfroiJes,  (Morr.)  Fsim. 
i\cU^Ufi9  cutsfnUi^  Carr. 
T,rm.*ptnis  Jaintfrn,  McC^. 
S^iffms^fUfis  rA,v/.>.'ia.  P^esl, 
(>/.««jH.i.vjt  cf,  mu»HJ^h!^^ht.  Knor, 

l'\  isinuntcl  correlates  the  beds  containing  this  flora  with  the  youngest  beds  in 
Nc\\  South  \V»les  as  seen  in  the  CLirenoe  River. 

In  Victoria  the  series  is  rather  more  Cv>mpleie.  At  the  base  are  sandstones, 
which  are  specially  well  exposed  ai  liniaRa  Cieek.  and  nhich  should  probably  be 
r  0^.41  ded  as  Devonian.     They  have  yielded  the  follow in^  plant  species  : 

O V  01  those  tollow  s.\nds:ones  knoxvn  .is  :be  Avon  River  sandstones,  which  have  yielded 
J ,;:.:. .•;•».;''.•»  jfco';'.;.V.  Feis::r.sn:e:  considers  -Jicse formations  to  be  Carboniferous, 
n.e  ne\:  hijihor  sv.b-J.iv.s-.on  is  of  grea:  imporar.oe.  It  bears  the  name  of  the 
lvuvh«s.M,ush  ssr.ds:o:,e.  a:..:  ir.cliu'.cs  creat  K^u'.ier  de^x-iis  of  unquestionably 
tilavi.;!  v^r»:in.     The  p:ar.:-reir..v.r.s  furr.shc.:  by  :he  suSd:v:5:on  are 

J'/.c  --..f^.    \S.■S,'^. 
■■•■■•■--■•  -■• .  fc  ■«_. . 

IVi.v.uui'.iel  h,-.s  co!-.:uc:<:\=.  :hc>c  KJs  Aith  ie  Kiwisbcir  beds  of  Xew  South 
'  R.  I.  '*oJ:  Rf;v::  o=  the  5c>«*r;.R:vt;  C.-*;5«:i  Brj&ue.  ijt;« 
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Wales ;  but  it  appears  much  more  natural  to  correlate  them  with  the  Muree  and  New 
castle  beds,  and  ail  of  them  with  the  Tdlchir-Kdrharbdris  of  India. 

The  uppermost  division  recognised  in  Victoria  is  that  of  the  Bellarine  beds. 
They  are  very  widespread  and  are  of  great  thickness.  Coal  seams  occur,  but  are 
of  small  thickness  and  extent.  Plant-remains  appear  to  be  numerous,  and  up  to  the 
present  the  following  species  have  been  described  : — 

Phyllotheca  ausiralis,  Bgi, 
Alethopteris  atistraliSf  Aforr. 
Teenioptetis  daintreei,  McCoif. 
Podotamites  barklyi,  McCoy. 
Zamites  elliptieus,  McCoy, 
„         iongifoliuSf  McCoy, 

This  flora  points  with  great  probability  to  a  Mesozoic  age  of  the  beds  containing 
it,  and  Feistmantel  correlates  also  the  Bellarine  beds  with  those  on  the  Clarence  River 
in  New  South  Wales,  and  the  upper  coal-measures  in  Queensland.  In  India  the 
Rdjmahdl  and  Jabalpur  beds  should  probably  be  considered  equivalents  of  the  form- 
ations first  named. 

The  above  are  rough  outlines  of  the  conditions  met  with  in  South  Africa,  India, 
and  Australia,  and  it  will  be  well  to  bring  together  in  tabular  form  the  results 
obtained  up  to  the  present,  in  order  to  obtain  a  general  view  before  we  proceed  to 
make  further  deductions  : — 


South  Africa. 

India. 

Eastern  Australia. 

Neocomian 

Uitenhage  . 

r  Plant  beds. 
Cutch   .  J  Marine  beds, 
t  Tithonian. 

?  Marine  beds  in  Queensland. 

Tithonian. 

?  RhfiBtic 
and  Jur- 
rassic. 

Stormberg  beds. 

Jabalpur  beds 
Kota  Maleri  beds 
Rdjmah^  beds 

Bellarine  beds. 
Clarence  River  beds. 
Southern  coalfields,  Queens- 
land. 

?  Lowest 

Beaufort  beds 

Panchet  beds 

Wianamatta  beds. 

Trias. 

Unconformity. 

Permian . 

Koonap  beds 

Damuda  beds 

Hawksbury  beds  (glacial). 

Upper  Car- 
boniferous. 

Unconformity 

Kdrharbdri  beds 

Newcastle  beds. 

Ecca  beds  (glacial) 

Tdlchir  beds  (glacial) 

Stony  Creek  beds. 
Bacchus    Marsh    beds    (gla« 
ciaO. 

Lower  Car- 
bonifer- 

Lepidodendron  beds 

Resting  unconformablj  on 
crystalline  rocks. 

Stroud    and  Port    Stephen's 
beds,  &c. 

OuS. 

Lepidodendron  beds. 

Marine  Devonian 

Devonian . 

Marine  Devonian. 
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From  what  has  been  said  above  it  is  evident  that  in  South  Africa,  eqoally  with  India 
and  Eastern  Australia,  great  rock  systems  occur,  which  are  rather  nearly  related 
to  each  other,  and  certainly  agree  with  each  other  far  more  closely  than  with  any 
series  yet  knovvn  in  Europe  or  America.  The  greater  part  of  these  formations  are 
evidently  of  fresh-water  origin ;  and  huge  lakes  and  vast  river  systems  most  have 
occupied   the  regions  where  to-day  we  find  the  formations  in  question. 

This  observation  led  long  since  to  the  assumption  of  a  great  continent  which  in 
early  geological  periods  e3Ctended  over  a  great  part  of  the  southern  hemisphere,  and 
which  in  area  may  not  have  been  greatly  less  than  the  present  Asia-European 
continent.^ 

The  slon-  of  this  continent  seems  to  have  been  a  highly  singular  one.  Instead  of 
the  great  chains  of  foldings  which  compose  the  mountain  elevations  in  the  northern 
hemisphere,  and  form  thus  to  some  extent  the  skeleton  of  the  continents ;  we  here 
fuui  table-shaped  mountains  built  up  of  horizontal  rock  masses.  These,  it  is  true, 
rest  on  folded  rocks,  but  the  rocks  efiFected  by  the  folding  action  are  principally 
archaic.  Already  in  the  Devonian  period  we  see  the  intensity  of  the  folding  forces 
greatly  decreased,  great  regions  like  South  Africa  and  India  show  the  Devonian 
formations  mostly  in  horizontal  positions,  and  whatever  followed  was  only  tilted  out  of 
its  horizontal  ix>sition  here  and  there  quite  locally. 

While  the  fold-making  action  was  decreasing  more  and  more  on  this  part  of  the 
earth  a  surface,  immense  fallings-in  appear  simultaneously  to  have  led  more  and 
more  to  the  breaking  up  of  the  once  existing  vast  continent.  We  know  from  the 
distiilnition  of  the  marine  deposits,  that  in  the  Jurassic  period  the  old  cpntinents had 
ulrcavly  been  separated  into  three  independent  parts ;  and  that  Africa,  India,  and 
Austndia  wore  already  divided  by  arms  of  the  sea:  in  the  Triassic  period  on 
llu)  i"t>nliury,  Africa  was  probably  still  connected  with  India,  but  Australia  had  already 
llu'ii  lu'iDino  iiulcpondcnt. 

Thus  instead  ol"  increasing,  the  old  continents  shrank  more  and  more ;  and  probably 
nonu'wli.it  Ht  the  same  rate  at  which  Europe  and  Asia  emerged  from  the  sea,  the 
\mU'\  ovnllowod  immense  areas  that  were  formerly  terra  firma, 

Al  llui  present  day  only  small  fragments  remain  of  the  once  existing  southern 
( oniinent,  l)Ut  these  by  the  thickness  of  the  horizontally-bedded  frcsh-water-forma- 
linnit  and  the  mightiness  of  the  physical  processes  which  they  reveal,  allow  us  to 
di.nv  \  onehisions  as  to  the  vast  extent  of  the  land  to  which  they  once  belonged, 

Tht'  hK  k  systems  above  treated  of  were  none  of  them  deposited  till  after  the  cessa- 
limt  ol  llu-  Icihling  action.  We  find  all  the  beds  nearly  horizontal,  forming  either 
i.I.ih'iii  lefjoiis,  or  occupying  shallow  basins,  and  important  stratigraphical  distur- 
ti.tiM  •■'«  aii!  eillier  local  or  only  to  be  enumerated  as  exceptional  cases  of  rare  occur- 
iniiM'.  The  period  of  the  fallings-in  had  commenced  before  the  formation  of  the 
iiliiiM-  .hir.i  ribeil  rock  systems  had  been  finally  completed.  Vast  areas,  which  had 
hiiiiM  ilv  heen  terra  fir  ma,  were  more  and  more  submerged;  and  the  witnesses  of  these 
,.vi  nin  an-  the  scanty  marine  deposits  of  Jurassic  and  cretaceous  age  which  we  still 
„„.,  I  sNiili  .iloni'.  the  mari^MUS  of  the  few  remaining  fragments  of  the  ancient  continent 
III  AiiitM,  India,  and  Australia. 

Ml  I'  IlltthlortI,  yiiJirt.  Jour.  Geol.  Soc.  Lond.  XXXI,  187S,  p.  519.  Waageo 
|i..iil««i  III.  I<ul=*.  Akad.  d.  W.  Wicn,  1878.    Waagen,  Rec.  Geol.  Surv.  lod.  1878. 
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It  was  on  this  continent  that  in  times  long  gone  by  events  transpired  which 
remind  one  strongly  of  the  events  which  happened  during  the  quarternary  glacial 
period  in  the  northern  hemisphere ;  and  there  was  probably  a  time  when  this 
southern  continent  was  mainly  covered  with  vast  masses  of  ice. 

But  when  was  that  time  ?  This  is  the  great  question  that  we  have  now  to  approach. 

It  has  already  been  pointed  out  repeatedly  that  the  palaeontological  finds  in  the 
^  above-described  rock  systems  give  remarkably  contradictory  results.  If  we  turn 
merely  to  the  Uitenhage  and  Cutch  beds,  we  find  in  them  a  marine  fauna  pointing 
to  a  Neocomian  and  Tithonian  age  for  those  formations ;  while  the  plant-remains  met 
with  in  the  same  beds  are  universally  judged  as  pointing  to  a  lower  Oolitic  age, 
and  specially  to  the  horizon  of  the  Scarborough  beds. 

These  contradictions  between  the  animal  and  vegetable  remains  recur  more  or  less 
in  all  the  different  sub-divisions  of  the  systems,  and  become  very  markedly  conspi- 
cuous in  thd  Autralian  Muree  beds,  where  again  marine  deposits  occur  alternating 
with  plant  beds. 

The  fossil  plants  occurring  in  these  beds  were,  and  are  still  to-day,  pronounced  by 
McCoy,  to  be  positively  mesozoic;  because  in  Europe  the  genus  Glossop/en'sh2LS  only 
been  found  in  the  Russian  Jura  and  in  Tertiary  formations,  and  could  therefore 
hardly  be  of  greater  than  mesozoic  age  in  Australia.  *  When  at  a  later  date,  Feistman- 
tel  condescended  to  admit  the  Australian  formations  into  the  palaeozoic  epoch,  it  was 
done  far  less  because  the  flora  required  it,  than  because  of  the  marine  animal 
remains  occurring  in  these  beds,  which  have  a  distinctly  palaeozoic  character. 
But  as  the  succession  of  beds,  whether  above  or  below  the  disputed  formations* 
yielded  no  perfectly  certain  data  for  determining  the  age;  the  followers  of  the 
mesozoic  age  theory  were  at  liberty  to-say  "  the  plant-remains  point  distinctly  to  a 
mesozoic  age  of  the  entire  system,  and  thus  it  is  probable  that  in  Australia  the 
palaeozoic  animal  forms  survived  longer  than  in  Europe,  and  reached  up  into 
mesozoic  times."  In  support  of  this  the  fact  could  be  adduced  that  in  the  present 
fauna  and  flora  of  Australia  old  types  reaching  up  from  earlier  times  are  for  the 
most  part  common,  and  that  therefore  in  earlier  times  other  old  types  might  there  be 
found  reaching  up  higher  than  elsewhere.  On  the  other  hand,  however,  the 
species  in  M.  de  Koninck's  work  were  so  widely  framed  that  the  designation 
of  species  there  used  could  really  only  be  valid  as  group  names.  I  myself  was 
for  some  time  not  quite  disinclined  to  join  in  these  views  of  the  phytopalaeonto- 
logists,  for  which  reason  I  have  here  and  there  spoken  of  the  '\So  called-carboniferous 
deposits  of  Australia.'' 

0    The  question  as  to  the  age  of  these  beds  is  now,  however,  of  quite  special 
interest,  because  of  the  glacial  formations  which  are  met  with  at  equivalent  horizons. 

As  I  have  already  memtioned  above,  W.  T.  Blanford  has  striven  with  much  skill 

to  make  a  Permian  age  probable  for  the  Tdlchir-Kdrharbdri-Damuda  series,  and  for 

the  equivalent  beds  in  Africa  and  Australia;  but  it  was  impossible  for  him  to  adduce 

anything  more  than  proofs  of  probability,  and  thus  no  further  conclusion  could 

'  be  based  on  his  deductions. 

It  was  reserved  for  recent  times  to  clear  up  the  subject ;  and  it  was  the  discoveries, 
more  especially  of  the  Wurtembergian,  Dr.  H.  Warth,  in  the  Salt-Range  which  let  the 
whole  question  appear  in  a  new  light. 
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IV.— The  Salt-Range. 

It  has  long  been  known  that  in  the  SaIt>Range  also,  formations  are  not  seldom 
met  with  which  have  doubtless  been  formed  under  the  co-operation  of  ice. 

I  have  myself  seen  and  studied  these  formations  in  many  places,  but  till  now  had 
no  opportunity  of  expressing  my  opinions  about  them  publicly.  Even  now  I  feel 
somewhat  embarrassed  about  speaking  on  this  subject,  for  a  remarkably  unlucky  star 
rules  over  everything  that  I  publish  on  the  general  relations  of  the  Salt-Range. 
Every  time  I  am  rcbufEed  in  a  manner  that  is  really  not  seemly.  Expressions  such 
as  **  ignorance/'  **  charlatanism,"  or  "  it'  would  be  best  to  regard  such  a  paper  as 
unpublished,"  are  among  the  terms  of  endearment  I  am  thought  worthy  of.  If  the 
writers  of  these  knew  how  that  I  take  counsel  with  myself  for  years,  and  consider 
from  all  points  any  important  view  before  I  publish  it,  they  would  perhaps  judge 
me  more  indulgently.  Hitherto  it  has  not  been  possible  for  them  to  disprove  my 
position ;  consequently  I  feel  myself  justified  in  still  holding  fast  to  the  views  which 
have  given  occasion  for  such  harsh  criticism. 

The  succession  of  beds  in  the  Salt-Range,  includes  as  is  well  known,  the  rock 
systems  from  the  Eocene  to  about  the  Devonian  (not  to  refer  to  the  younger  tertiary 
sandstones  of  the  Potwar  plateau)  without  showing  any  specially  important  gaps.  It 
is  equally  well  known  that  in  different  parts  of  the  Salt-Range  the  succession  of  beds 
is  very  variously  represented.  I  must  here  also  use  the  nomenclature  introduced  by 
Wynne,  as  the  application  of  European  terms  would  involve  too  concrete  a  correla- 
tion, and  does  not  at  the  present  moment  seem  quite  desirable. 

In  the  eastern  part  of  the  Salt-Range  the  succession  is  as  follows : — 

Nummulitic  beds. 

Olive  group.^ 

Beds  with  salt  crystal  pseudomorphs. 

Magnesian  sandstone. 

Neobolus  beds. 

Purple  sandstone. 

Salt-marl  and  rock-salt. 

Except  the  neobolus  beds,  the  olive  group,  and  the  nummulitic  limestone ;  this  whole 
series  of  beds  has  yielded  hardly  any  organic  remains  worth  naming,  and  it  would 
have  been  hardly  possible  to  have  determined  the  age  of  any  one  group  in  this 
succession  from  such  evidence  as  existed  till  quite  lately. 

In  the  western  part  of  the  Salt-Range  on  the  contrary,  matters  were  quite  different, 
as  some  beds  occur  here  rich  in  well-preserved  and  characteristic  fossils.  Tht 
succession  of  beds  here  is  the  following  : — 

Nummulitic  beds. 

Olive  group. 

Variegated  sandstone  (Jurassic). 

Ceratite  beds. 

Productus  limestone  (Permian). 

Speckled  sandstone. 

'  This  term  is  now  discarded  ;  the  greater  part,  if  not  the  whole,  in  certain  localities,  of  the 
series  being  now  known  as  the  "  speckled  sandstones.*'^£</. 
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Neobufus  bS"^*^"^  ]  ^^^^^^  separable  here ;  they  thin  out  westward. 
Purple  sandstone,  thlnninj;  out  Westward. 
Salt  "marl  and  rock-salt. 

The  sub-division  is  seen  to  be  much  more  varied  here,  and  the  age  of  several  of 
the  formations  can  be  accurately  determined.  For  our  present  purpose  the  "  speckled 
sandstone"  is  the  most  important,  and  we  will  consider  it  more  closely.  By  the 
"  speckled  sandstone  "  1  understand  not  only  what  Wynne  called  by  this  name  in  the 
Salt-Range  proper,  but  also  the  equivalents  on  this  horizon  in  the  west  (the  boulder 
group)  and  in  the  east  as  well  (the  olive  group  in  part). 

For  clearer  comprehension  of  the  succession,  however,  it  must  be  pointed  out  that 
the  nummulitic  beds  and  the  olive  group  (more  correctly  the  Cardiia  heaumonti 
beds)  rest  unconformably  on  all  the  underlying  groups,  and  thus,  if  followed  from 
west  to  east,  they  lie  successively  on  Jurassics,  ceratite  beds,  Permians  and  speckled 
sandstones — a  circumstance  which  in  part  also  causes  the  difference  in  the  succession 
of  b^ds  in  the  eastern  and  western  parts  of  the  range.    Besides  this  I  must  here  rely 
entirely  on  Wynne's  report,  as  all  my  own  observations  are  woven  into  it.    The  report 
is  in  fact  to  be  regarded  as  a  joint  one,  as  far  as  the  observations  in  the  field  have  to 
be  considered.     It  should  have  been  a  joint  one  in  its  execution,  but  this  was  pre- 
vented by  my  repeated  serious  illnesses  ;  and  thus  Wynne  was  compelled  to  under- 
take the  working  out  of  it  by  himself.    The  employment  of  the  material  has  in  con- 
sequence certainly  often  led  to  the  different  results,  as  if  1  would  have  disposed  of 
them  could  I  have  influenced  their  being  worked  out.  I  cannot,  however,  for  that 
reason  entirely  give  up  my  own  views,  and  Mr.  Wynne  must  allow  me  to  give  them 
expression  here  and  there.     It  is  very  far  from  my  intention  to  ignore,  on  that 
account,  the  great  credit  Mr.  Wynne  has  deserved  by  the  working  out  of  the  map ; 
or  to  fail  to  acknowledge  the  admirable  accuracy  of  his  map.     But  now,  if  after 
having  worked  out  the  fossil  faunas  of  the  Salt-Range  in  great  measure,  I  find  myself 
constrained  to  lay  yet  greater  stress  on  various  points  in  the  apprehension  of  which  I 
did  not  agree  with  Mr.  Wynne ;  it  will  be  owing  to  the  progress  made  through  the 
more  exact  understanding,  palaeontologically,  of  the  beds.     Mr.   Wymie  cannot 
possibly  wish  to  assert  that  it  is  impossible  to  attain  to  a  better  knowledge  of  the  beds 
than  that  given  in  his  report,  and  doubtless  his  own  views  will  have  become  clearer 
within  the  last  ten  years,  as  is  the  case  with  every  savant  unless  he  absolutely  closes 
his  ear  against  all  progress. 

As  I  stated  im  my  introduction  to  the  Salt-Range  Fossils,  the  palaeozoic  formations 
of  the  Salt-Range  are  divisible  into  two  great  groups,  of  which  the  one  consists  of  the 
ptrple  sandstone  and  the  salt-marl,  the  other  of  the  higher-lying  beds.^ 

'  R.  D.  Oldham  believes  (according  to  a  friendly  communication  from  him)  that  he  can 
show  an  unconformability  below  the  speckled  sandstone,  while  the  underlying  beds  down  to  the 
saline  series  form  a  consistent  and  conformable  series.  As  far  as  the  unconformability  is  con- 
cerned, I  have  no  objection  to  make  to  it ;  on  the  contrary,  I  believe  I  myself  made  observations 
which  allow  it  to  appear  probable,  at  least  at  certain  points ;  but  I  nevertheless  believe  that  all  the 
beds  underlying  this  break  cannot  be  regarded  as  belonging  to  one  'group.  The  magnesian 
sandstone  and  neobolus  beds  belong  together,  as  certainly  as  it  is  sure  that  their  fauna  is 
related  to  that  of  the  overlying  beds  although  they  are  unconformable.  But  the  purple  sand- 
stone shows  such  very  close  relation  to  the  saline  series,  that  the  two  can  hardly  be  separated. 
The  base  of  the  latter  is  not  exposed  in  the  Salt- Range  proper.  Proceeding  westward,  the  s^ne 


1 1 6  Records  of  the  Geological  Survey  of  India.  [VOL.  XXT, 

The  upper  group,  on  the  contrary,  includes  many  littoral  formations  and  may 
have  been  deposited  by  a  sea  that  advanced  from  the  north-west.  The  immense 
sandstone  accumulations  to  the  east  of  the  Salt-Range,  which  thin  out  to  inconsider- 
able beds  and  almost  die  out,  appear  to  me  to  be  explicable  as  ''  dune  "  formatioM, 
and  I  further  believe  that  they  indicate  the  embouchure  of  a  great  river  which  flow- 
ing from  the  south-east,  in  those  long-past  times  reached  the  sea  in  this  region. 
There  are  many  points  on  which  to  base  such  an  assumption.  Imprimis,  the  Neo- 
bolus  beds,  as  the  homy-shelled  Brachiopods,  had  probably  lived  in  the  same  kind 
of  places  as  the  existing  lingulce  tvhich  frequently  colonize  the  muddy  or  sandy  bot- 
toms in  the  vicinity  of  river  mouths ;  and  secondly,  the  beds  with  pseudomorphic 
salt  crystals,  which  indicate  a  tract  overflowed  alternately  by  fresh  and  salt  water, 
conditions  which  appear  most  frequently  in  lagoons  surrounding  estuaries. 

Under  these  sandstone  formations,  the  speckled  sandstones  are,  as  pointed  out 
above,  those  which  extend  furthest  to  the  west,  and  which  for  many  other  reasons  are 
the  most  important  and  interesting.  In  their  uppermost  beds  they  include  a  marine 
fauna  which  is  stry  nearly  related  to  the  fauna  of  the  Productus  limestone,  and  for 
which  reason  I  designated  this  formation  the  Lower  Productus  limestone.  The 
percentage  of  true  carboniferous  species  in  these  beds  is  greater  than  in  the  Produc- 
tus limestone  proper,  and  I  have  therefore  thought  it  necessary  to  join  these  beds 
to  the  coal-measures  specially  as  Fusultna  iongtssima,  JUiilL,  occurs  here  numerouslf. 
Perhaps  they  should  only  be  correlated  with  the  very  uppermost  beds  of  this  group, 
e.g.,  the  Nebraska  beds  or  the  Artinsk  sandstones,  because  of  the  frequent  occur- 
rence of  the  genera  S/rophalosia  and  Aulostega. 

Somewhat  lower  down  in  these  sandstones  occur  boulder  beds,  which  are  to  the 
northward  and  westward,  the  only  representatives  of  the  whole  group,  and  occur  there 
very  constantly  below  the  fossiliferous  beds  and  the  Permian  limestones. 

Unfortunately  I  cannot,  with  reference  to  these  boulder  formations,  enter  into  as 
full  detail  as  might  appear  desirable,  partly  because  of  the  excessive  length  this 
paper  would  then  acquire,  partly  for  the  reason  that  in  the  last  volijnie  of  the  Salt- 
Range  Fossils  a  detailed  sketch  of  the  Salt-Range  will  be  given,  which  must  not  be 
anticipated  here.^ 

series  continues  to  include  more  and  more  grey  dolomites  and  gypsums  with  quartz  crystals, 
and  west  of  the  Indus  seems  to  pass  into  Wynne's  generally  grey-coloured  upper  gypsum  and 
dolomite  group.  The  base  of  this  group,  however,  consists  again  of  red  sandstones  identical 
with  the  purple  sandstones  of  the  Salt-Range  proper.  Thus  the  saline  series  appears  altogether 
to  be  only  an  inclusion  in  a  vast  formation  of  red  sandstone,  which  must  clearly  be  regarded  as  a 
distinct  formation.  I  regard  this  formation  as  an  equivalent  of  the  Vindhyans  of  the  Indian 
peninsula ;  and  from  its  position  below  the  Carboniferous  neobolus  beds,  as  of  Devonian  age.  The 
two  groups  have  a  very  different  distribution,  the  older  occurs  only  in  the  south,  and  disappears 
in  part  where  the  other  trends  to  the  north  ;  it  would  appear  that  the  beds  composing  this  group 
were  formed  in  a  great  basin  which  extended  south-eastward,  probably  an  inland  basin,  and 
that  the  open  sea  of  that  part  would  have  to  be  sought  for  further  to  the  north. 

*  A  considerable  amount  of  new  information  concerning  this  boulder  bed  has  in  the  mean- 
time been  gained  through  the  work  of  Dr.  Warth  and  R.  D.  Oldham  (See  Rec.  G.  S.  of  I., 
XIX,  pp.  I,  22,  127,  131  ;  XX.  p.  117  ;  XXI,  p.  34).  while  I  myself  can  further  supplement 
this  by  my  own  observations  this  year  of  the  decided  unconformity  of  this  boulder-bcd  to  the 
underlying  Salt-Pseudomorph  zone,  in  the  Khewra  portion  of  the  Salt-Range,  where  also,  the 
Talchir  facics  of  the  boulder  bed  is  remarkable.  -W.  K. 
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To  the  west  (Trans-Indus),  especially  near  Kingriali,  Wynne  distinguishes  a  very 
peculiar  boulder  group  consisting  of  grey  clays  with  subordinate  sandstones  and 
gypSums,  and  containing  in  its  upper  part  a  boulder  bed  of  considerable  thickness. 
The  boulders  are  well  smoothed  and  often  marked  by  scratches.  This  boulder 
group  is  followed  here  as  elsewhere  above  the  speckled  sandstones  by  the  Permian 
limestones. 

To  the  north-east  of  this  lies  Kalabagh,  which  indicates  the  most  northerly  point  to 
which  the  range  has  deviated  from  its  general  course.  Here  also  on  the  left  bank 
of  the  Indus  begins  the  Salt-Range  proper,  with  a  group  of  hills  called  the  Tredian 
hills.  Here  the  conglomerates  are  specially  well  developed,  and  are  described  by 
Wynne  as  follows :  ^ 

**  The  carboniferous  limestones  below  often  contain  much  chert,  both  black  and 
white ;  while  grey  conglomerates  and  sandstone  bands  occur  in  the  dark  conglomeratic 
purple  clay  above  the  salt-marl.  ♦  ♦  ♦  ♦  Immediately  over  the  earthy  part  is  a 
large  .boulder-conglomerate  containing  blocks  of  granite,  syemite,  and  other  crystal- 
line rocks  2  feet  in  diameter ;  this  conglomerate,  if  it  has  not  slipped  upon  itself,  may 
be  1 5  5  feet  in  thickness."    Above  this  occur  traces  of  the  speckled  sandstone. 

We  herewith  enter  upon  the  domain  of  the  trae  speckled  sandstone.  This  section 
is,  as  Wynne  himself  describes  it,  conglomeratic  in  many  places,  and  the  conglo- 
merates appear  frequently  as  true  boulder  accumulations,  particularly  in  the  region  of 
Makrach  and  Sardi.  As  is  usually  the  case,  these  boulder  beds  are  not  too  regularly 
stratified,  and  it  is  hard  to  say  whether  they  occur  at  absolutely  the  same  horizon  at 
different  places ;  they  are,  however,  irrespective  of  small  vertical  differences,  geologi- 
cally speaking  of  the  same  age.  The  position  is  always  such  that  one  must  conceive 
the  boulder  beds  as  underlying  the  Fusulina  beds. 

The  speckled  sandstone  attains  its  greatest  development  between  Varcha  and 
Narsingpohar,  and  from  there  thins  out  rapidly  to  the  eastward,  but  without  losing 
its  boulder  accumulations.  Quite  gradually,  the  intercalated  clays  assume  a  red 
colour,  but  the  boulder  beds  become  green ;  and  thus  two  new  groups  are  developed, 
namely,  the  "  pseudomorphic  salt-crystal  zone  and  the  conglomerates  of  the  olive 
group."  The  most  western  point  from  which  Wynne  quotes  the  boulder  conglo- 
merates of  the  "  Olive  group  "  is  Karuli.  Here  they  lie  upon  the  speckled  sand- 
stone, and  probably  on  the  middle  division  of  that  group.  Still  further  to  the  west 
the  olive  group  is,  it  is  true,  also  clearly  developed,  but  here,  as  for  example  at 
Nilawan,  it  rests  on  the  fossiliferous  beds  of  the  Lower  Productus  limestone.  No 
trace  exists  of  any  boulder  formations  at  the  base  of  the  group,  and  we  must  descend 
to  the  speckled  sandstone  to  find  any  such  again. 

The  boulder  conglomerates  of  the  olive  group  have  of  late  attracted  special 
attention,  as  fossils  have  been  found  in  them  which  agree  with  fossils  obtained  from 
the  Australian  marine  Carboniferous  beds.  I  published  a  note  *  on  these,  but  by 
so  doing  again  stirred  up  a  hornet's  nest,  and  was  rebuffed  by  R.  D.  Oldham  in  any- 
thing but  a  civil  style.' 

The  olive  series,  as  described  by  Wynne,  contains  in  its  upper  division  an  equi- 

>  Mem.  Geol.  Suyv.  Ind.,  Vol.  XIV,  p.  258. 
»  Rcc.   Geol.  Surv.  Ind.,  XIX  1886,  p.  2. 
3  Rec.  Geol.  Surv.  Ind.,  XIX,  part  II. 
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valent  of  the  Cardita  heaumonti  beds  of  Sind;  in  the  lower  division  the  much 
contested  boulder  bed<:.  In  these  latter,  nodules^  of  clayey  sandstones  were  dis- 
covered by  Warth,  which  contain  inumerable  specimens  of  Conularia. 

These  nodules  form  a  thin  bed  in  the  uppermost  part  of  the  boulder  bed,  and 
have  up  to  the  present  yielded  the  following  fauna : — 

Bucania  cf,  kattaensis,  Waagen, 
Conularia  Itrvigata,  Morr, 

tf         tenuiMtriata,  McCoy. 

„         cf.  irrrguiaris,  Kon, 
Nucuia  sp,  ind, 

Atomodesma  (/')  warthi,  Waagen, 
Aviculopecten  cf,  limaformiit  Morr, 
Discina,  sp. 
Serpuliies  warthi,  Waagen. 

„  tuba^  Waagen. 

To  these  I  can  now  add  Spirifer  vespertilio.  Sow.,  from  specimens  recently  sent 
over  by  Dr.  Warth.  This  entire  fauna  is  distinctly  palaeozoic,  and  there  is  not  a 
single  species  present  pointing  to  other  formations.  Four  of  the  species  are  identi- 
cal with  Australian  carboniferous  species,  namely : — 

Conulatia  Itrvigala,  Morr. 

„         tenuistriata,  McCoy. 
Aviculopecten  cf.  linuBfornUs,  Morr, 
Spirifer  veipertilio,  Sow. 

A  Bucania  cf.  kaiiaensisy  Waagen,  is  comparable  with  another  out  of  the  upper- 
most divison  of  the  speckled  sandstone,  the  so-called  lower  productus  limestone. 

According  to  Wynne  and  Oldham,  these  nodules  occur  as  washed-up  specimens. 
And  as  chief  proof  of  this  the  rare  occurrence  of  rolled  specimens  of  conularia  is 
adduced,  and  also  the  fact  that  the  nodules  do  not  contain  the  organic  remains  in 
their  centre  like  proper  concretions,  but  that  the  fossils  appear  cut  off  by  the  surface 
of  the  nodules  in  the  most  various  ways ;  for  which  reason  they  must  be  regarded 
as  rolled  rock  fragments. 

As  regards  this  last  proof,  it  is  of  no  value.  I  need  only  refer  to  the  quartzite 
nodules  in  our  Silurian  stage  Dd  i,  which  show  precisely  the  same  conditions, 
but  of  which  it  is  known  that  they  contain  precisely  the  same  fossils  as  the  shales 
in  which  they  lie,  and  where,  therefore,  there  is  no  room  for  any  doubt  that  both 
are  contemporaneous,  and  that  the  nodules  cannot  possibly  have  been  transported. 
Here  in  Bohemia  also,  minute  nodules  which  bear  on  their  outside  fragments  of 
roUed-up  trilohiies  or  similar  organic  remains,  are  found  here  and  there  with  the 
other  quartzite  nodules.  They  would  certainly  be  regarded  as  rolled  pebbles  if  they 
did  occur  together  with  other  fossils,  and  contain  the  same  species.  This  is  mani- 
festly an  example  of  imperfect  formation  of  nodules. 

The  apparently  rolled  specimens  of  conularia  may  probably  be  explained  in  this 
way ;  but  on  this  point  I  cannot  express  a  positive  opinion,  as  I  have  not  seen  the 
specimens  examined  by  Wynne. 

H.  Warth  sent  me  lately  such  an  apparently  rolled  specimen  of  a  conularia,  which 

'  And  pebbles,  as  described  by  Warth  and  Oldham. — W.  K. 
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at  the  first  glance  looks  certainly  very  much  as  if  it  had  been  rolled.    On  closer  exa- 
mination, however,  various  doubts  arise. 

In  the  first  place,  the  size  of  the  specimen,  which  measures  60  millimetres  in 
length,  and  20  millimetres  in  width  at  the  upper  end,  but  is  only  1 1  millimetres 
thick.  When  such  a  thin  elongated  body  of  soft  sandstone  is  exposed  to  such 
rough  treatment  as  it  must  necessarily  have  undergone  when  moved  along  with  the 
conglomerate  masses,  it  is  certainly  very  astonishing  that  it  was  not  broken  into 
smaller  fragments.  Then,  two  of  its  sides  and  one  edge  had  been  preserved  almost 
intact,  although  covered  with  the  most  delicate  sculpturing.  Now,  an  angle  is 
certainly  one  of  the  most  prominent  parts  of  the  shell,  and  must,  when  rolling  takes 
place,  be  first  worn  off.  Of  the  well-preserved  sides,  the  broader  one  certainly  is 
concave,  and  might  in  consequence  have  escaped  the  effects  of  being  rolled,  but  the 
other  is,  in  consequence  of  a  peculiar  deformity  of  the  specimen,  much  bellied  out. 
Yet  here  also  the  most  delicate  sculpturing  is  preserved.  I  must  here  remark  that 
the  specimen  sent  to  me  by  Warth  is  quite  enclosed  by  the  matrix,  a  coarse  conglo- 
merate sandstone,  and  that  thus  the  objection  that  the  piece  was  perhaps  derived 
from  a  larger  rolled  fragment  whereby  the  well-preserved  sides  being  enclosed  in 
the  fragment  were  protected  from  the  wear  and  tear  of  rolling,  falls  to  the  ground 
entirely. 

Thus  in  this  case  also  it  appears  more  probable  on  closer  study,  that  the  peculiar 
preservation  of  the  specimen  was  due  rather  to  incomplete  nodule-formation  than  to 
rolling.  If  the  specimen  had  really  been  transported  and  embedded  for  a  second 
time,  it  cannot  have  been  brought  more  than  a  couple  of  thousand  paces,  otherwise 
the  preservation  of  the  sculpturing  in  particular  parts  would  be  utterly  inexplic- 
able. 

Distinct  proof  of  the  "  washed  up  "  character  of  the  nodules  appears  to  me  not 
to  have  been  brought  forward  in  Wynne's  and  Oldham's  statements.  That  would 
only  have  been  accomplished  if  they  had  found  fossils  of  more  recent  age  mixed 
with  older  ones.  Violently  though  Oldham  defends  his  views,  he  cannot  produce 
$uch  evidence. 

For  all  that,  I  certainly  do  not  assert  that  the  possiblity  of  the  washed  up 
nature  of  the  nodules  is  absolutely  excluded,  as  I  have  not  been  able  to  revisit  the 
localities  since  the  discovery  of  the  nodules ;  but  a  probability  of  that  origin  does 
not  appear. 

Even  if  they  were  washed  up,  they  can  only  have  been  derived  from  a  bed  differing 
bat  little  in  age  from  their  present  site :  nor  can  their  original  home  be  far  removed 
from  the  place  where  they  are  now  found.  A  proof  of  this  is  the  completeness 
(?  restrictedness^)  of  the  fauna  which  they  include,  and  which  points  to  a  common  site 
and  common  origin.  But  such  completeness  can  only  be  preserved  when  the  bed 
which  encloses  the  specimens  has  been  but  lately  formed  (and  thus  more  recent 
formations  could  not  have  been  affected  by  denudation),  and  when  the  specimens  % 
were  only  transported  a  short  distance. 

If  we  look  around  among  the  formations  of  the  Salt-Range  to  see  from  which  the 
nodules  might  possibly  have  been  derived,  if  derived  they  were ;  we  see  that  it  is  the 
magnesian  sandstone  alone  with  the  Neobolus  beds  which  could  have  yielded  sucb 

*  Translator,  R.  B.  F. 


I20  Records  of  the  Geological  Survey  of  India.  [vOL.  XXK 

specimens.  But  if  this  be  the  case,  and  the  nodules  emanate  bom  the  m^gnftig|> 
sandstone,  then  this  fonnation  most  advance  upward  suddenly  into  age  of  the 
Coal-measores,  though  they  have  hitherto  been  regarded  by  me  as  lower  Carboni- 
ferous. 

Shall  this  be  the  revision  that  my  views  on  the  Salt-Raoge  are  to  mdergo,  as  was 
hinted  by  MedHcott?  Fresh  facts  were  lately  collected  by  Dr.  Wafth,  which  threv 
much  new  light  on  the  whole  question. 

In  the  Nilawan,  Warth  found  the  Conularia  nodules  in  boulder  beds,  which 
appear  to  follow  immediately  above  the  Neobolus  beds,  and  which  certainly  lie  at 
the  base  of  the  speckled  sandstone.  Here  there  is  now  no  doubt  possible  that  the 
conularia  nodules  are  older  than  the  Fusuiina  beds  which  occur  in  the  immediate 
vicinity  of  the  place  of  discovery. 

There  is  yet  something  to  be  said  about  the  age  of  the  boolder  bed.  It  was  re- 
garded by  Wynne  as  Cretaceous,  as  he  united  it  with  the  overlying  Cardiia  heammei^ 
beds,  which  may  probably  be  regarded  as  uppermost  cretaceous,  or  as  an  equivalent 
of  the  Lamarie  group  or  of  the  Libumian  stage« 

R.  D.  Oldham  insisted  most  strongly  on  the  cretaceous  age  of  the  boulder 
bed,  and  maintains  that  it  is  unconformable  to  the  underlying  beds.  Of  such  an 
unconformability  neither  Mr.  Wynne  nor  I  myself  have  seen  anything.  On  the  con- 
trary, I  have  measured  sections  in  which  a  perfect  transition  from  the  underlying 
beds  of  the  salt  cr^-stal  zone  to  the  boulder  beds  could  be  traced,  which  was  eflfectcd 
by  an  alternation  of  green  and  red  sandstones  and  shales. 

But  in  this  respect  also  there  is  no  reason  for  being  compelled  to  nnite  the 
boulder  beds  with  the  upper  instead  of  the  lower  beds.  That  such  a  boulder  bed 
should  not  always  lie  as  regularly  on  its  soft  foundation  as  is  the  rule  with  other 
formations  is  in  the  nature  of  things.  But  then  such  a  deposit  came  to  pass  under 
quite  unusual  circumstances. 

In  these  boulder  beds  of  the  olive  series  ^  their  glacial  origin  is  as  distinctly  ex- 
pressed as  it  can  possibly  be  wished. 

The  boulders  and  shingle  consist  most  largely  of  red  porphjT)',  and  innumerable 
specimens  show  distinct  grindings  and  scratchings.  Very  many  are  ground  on  different 
sides — a  proof  that  they  were  at  various  times  impacted  in  the  ice-mass  in  different 
positions,  while  it  was  still  moving.  I  give  herewith  illustrations  (Plate  i.)  of  two 
such  pebbles,  the  larger  consisting  of  porph}Ty,  the  smaller  of  a  blackish-grey  apba- 
nitic  rock,  and  of  which  the  larger  is  polished  on  the  back  and  front  sides,  the 
smaller  on  three  contiguous  sides.  The  direction  of  the  scratches  is  different  on 
each  polished  surface,  but  scratches  often  occur  on  the  same  surface  running  in 
directions  crossing  each  other. 

If  we  review  all  that  has  been  said  up  to  the  present  with  regard  to  the  boulder 
beds  of  the  olive  series,  we  shall  arrive  at  the  following  conclusion  : — 

(i)  The  boulder  beds  appear  in  the  olive  series  just  where  it  is  in  contact  with* 
the  speckled  sandstone;  while  further  to  the  west  they  are  only  found  in  the 
speckled  sandstone  in  which  they  occur  frequently. 

'  "  Olive  series"  might  here  be  better  read  '*  Eastern  Salt-Range."— W.  K. 
'  ?  For  "is  in  contact  with,"   one  rtiight  here  read  "passes  longitadinallj  into"  or  "re- 
placed by.  "—W.  K. 
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(a)  The  speckled  sandstone  can,  from  its  position  belbw  the  P^mian  limestones 
and  from  the  fossil  contents  of  its  uppermost  beds,  be  regarded  as  certainly  an 
equivalent  of  the  uppermost  section  of  the  coal-measures. 

<3)  In  the  boulder  beds  of  the  olive  series  are  nodule,  in  which,  out  of  1 1 
species  of  fossils  contained  in  them,  5  can  be  identifiedjwith  species  from  the  Austra- 
lian coal-measures,  and  one  identifiable  with  a  species  from  the  speckted  sandstones. 

(4)  These  conularia  nodules  ^hich  occur  in  the  boulder  beds  of  the  olive  series 
were  lately  also  discovered  in  boulder  beds  in  the  Nilawan,  ^ich  certainly  lie 
below  the  Fnsulina  beds. 

As  all  these  conclusions  point  with  great  certainty  in  ^e  same  direction,  it  is 
difficult  not  to  assume  that  the  boulder  beds  of  the  olive  series  are  to  be  iiegarde^  as 
a  partial  equivalent  of  the  speckled  sandstone,  and  are  approximately  of  the  same 
geological  age  as  the  boulder  beds  which  are  met  with  so  largely  developed  at  the 
base  of  the  Permian  limestone. 

Hereby  we  have  gained  for  the  Salt-Range  a  great  uniform  glacial  horizon, 
which  is  of  very  special  importance  for  a  right  understanding  of  the  great  questions 
which  have  to  be  solved  here. 

It  is  true  that  quite  lately  voices  have  been  heard  giving  expression  to  the  op- 
posite view ;  and  R.  D.  Oldham  asserts,  in  a  paper  in  the  Geological  Magcaine^  that 
not  less  than  four  distinct  horizons  exist.  Unfortunately  no  new  facts  have  been 
adduced,  and  so  Oldham's  view  cannot  indeed  bring  us  to  give  up  our  own  well- 
weighed  view.  Such  acceptations  of  the  case  always  go  back  to  CrolFs  theory  that 
the  glacial  periods  on  the  earth  were  as  c(Hnmon  and  as  cheap  as  blackberries— -a 
theory  which  is  in  no  way  supported  by  the  geological  facts  observed  in  general. 
The  view  that  all  the  glacial  formations  in  the  Salt-Range  should  be  reckoned  to 
one  and  the  same  group,  in  no  way  strains  the  observations  made  by  Wynne  or 
myself,  and  can  therefore  pass  as  the  right  one  till  striking  proofs  to  the  contrary 
are  brought  forward.  I  shall  have  an  opportunity  further  on  of  returning  to  the 
statements  about  the  existence  of  numerous  glacial  horizons  one  above  the  other  in 
one  and  the  same  region. 

Other  statements  made  by  Oldham  in  the  same  paper  deserve  fuller  mention, 
as  they  add  fresh  tracts  of  glacial  formation  to  those  already  known  in  India,  and  at 
the  same  time  give  information  as  to  whence  the  glacial  gravels  of  the  Salt-Range 
were  probably  derived. 

In  the  great  Indian  desert  which  stretches  from  the  Arvali  range  to  the  Indus, 
Oldham  found,  near  to  the  town  of  Pokran,  a  land  surface  consisting  of  porphyry 
and  syenite  which  is  completely  covered  with  scratches  and  striations.  On  this 
surface  lies  an  extremely  tenacious  glacial  mass,  which  Oldham  claims  as  Till  or 
Moraine  profonde,  while  in  the  neighbourhood  bedded  glacial  formations,  mani- 
festly of  marine  origin,  occur  widely  distributed.  In  the  Moraine  profonde  are  only 
gravels  of  porphyry  and  syenite ;  in  the  marine  formations  on  the  contrary  chiefly 
gneisses  and  granites  which  emanate  from  the  Arvali  range.  Oldham  believes,  then, 
that  the  glacial  gravels  of  the  Salt-Range  also  came  from  the  south,  partly  from  the 
porphyritic  continent,  partly  from  the  Arvali  Mountains.  Oldham  assumes  also  for 
these  formations  the  age  of  the  Tdlchirs. 

In  a  former  paper  I  observed  already  that  I  regarded  the  glacial  formations  of 
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the  Salt-Range  as  marine  throughout ;  bat  I  believe  not  only  that  great  glaciers  de- 
scended from  the  Arvalis  to  the  sea,  as  is  assumed  by  Oldham,  and  there  broke  up 
into  icebergs,  but  much  more  that  the  great  river,  the  probable  existence  of  whose 
mouth  in  the  eastern  Salt>Range  I  mentioned  above,  carried  down  to  the  sea  vast 
floating  masses  of  ice. 

However  all  this  may  have  been  arranged,  it  retires  completely  into  the  background- 
in  comparison  with  the  great  general  questions  which  have  yet  to  be  solved  here. 

The  most  important  of  these  is  the  question  as  to  the  age  of  the  glacial  beds. 
We  have  established  for  the  glacial  deposits  in  Australia  and  Africa  that  they  rest  on 
lower  carboniferous  formations,  and  in  Australia  they  contain  a  marine  fauna  which 
p(Hn|s  to  the  age  of  upper  coal-measures.  This  is  opposed  by  the  accompanying 
plant-remains  which  are  regarded  as  mesozoic. 

We  have  now,  however,  become  acquainted  with  glacial  deposits  which  underlie 
Permian  limestones,  and  actually  contain  indications  of  the  Australian  coal-measure 
fauna  which  there  lies  in  glacial  beds.  According,  therefore,  to  all  the  laws  of  syn- 
chronism there  can  be  no  great  doubt  that  the  glacial  formations  of  the  Salt-Range 
are  to  be  regarded  as  approximately  contemporaneous  with  those  of  Australia,  in 
which  the  same  fauna  occiurs.  Thus,  then,  the  geological  age  of  the  glacial  period 
under  consideratton  would  seem  to  be  altogether  settled. 

In  Australia  we  have  unquestionably  lower  Carboniferous  deposits,  Culm 
measures  as  their  foundation :  in  the  Salt-Range  we  have  beds  of  undoubted  Per- 
mian age  overlying  them  directly.  Thus  nothing  remains  for  us  but  to  assume 
that  the  glacial  events  which  we  have  been  discussing  took  placd  at  a  time  when 
elsewhere  the  upper  coal-measmres  were  being  formed.  The  conclusion  of  the 
phytopalaeontologists,  which  was  referred  to  above,  that  in  Australia  the  plants 
must  be  the  determinants,  and  that  the  palaeozoic  animal  types  must  there  have  lived 
on  into  the  mesozoic  times  indicated  by  the  plant-remains,  has  thus  become  quite 
untenable,  and  we  know  now  for  certain  that  in  Australia,  Africa  and  India,  a  flora 
of  mesozoic  type  appears  already  at  the  time  of  the  coal-mesisures.  But  this  is  a 
result  of  the  very  widest  range,  that  includes  within  itself  a  multitude  of  further  con- 
clusions. 

First  of  all  let  it  be  pointed  out  that  the  new  flora  appears  elsewere  with  glacial 
formations,  which  is  a  clear  proof  that  it  could  bear  low  temperature  and  was  at  the 
least  capable  of  resisting  night  frosts.  In  Australia,  as  in  Africa,  this  new  company 
of  plants  dispossesses  a  series  of  true  carboniferous  plant  types,  as  the  Calamiies 
and  Lepidodendra  ;  and  the  gap  between  the  older  and  newer  flora  is  so  great  that 
hardly  a  single  genus  is  common  to  both.  Under  these  circumstances,  it  is  quite 
allowable  to  assume  that  the  first  distinctly  palaeozoic  flora  met  its  end  through  the 
advancing  cold  which  the  commencement  of  the  glacial  period  diffused  over  the 
great  southern  continent.  What  else  should  have  brought  about  this  destruction, 
since  at  the  same  time  on  other  parts  of  the  earth's  surface,  where  equally  clear 
traces  of  the  advent  of  severe  cold  are  not  to  be  traced,  this  same  flora  was  at  its 
highest  development,  and  the  formation  of  the  coal-measures  went  on  undisturbedly? 
We  have  therefore  gained  a  measure  for  the  temperature  conditions  to  which  the 
plant  families  unite  their  existence.  The  palaeozic  floras,  consisting  mostly  of  deli- 
cate organisms,  were  evidently  unable  to  endure  lower  temperatures,  and  were  bound 
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to  peri^  as  soon  as  more  frequent  and  more  severe  frosts  commenced.  The 
younger  flora  on  the  contrary  consisting  of  mesozoic  types  evidently  contained  orga- 
nisms, which  being  stronger  could  resist  the  lower  temperature,  and  were  thus  cap- 
able of  accommodating  themselves  to  more  varied  conditions  of  life. 

A  further  inference  arises  necessarily  out  of  the  above,  namely,  that  the  younger 
flora,  consisting  of  mesozoic  plant  types,  was  developed  autochthonously  in  the 
great  Africo-Indo-Australian  continent ;  for  we  find  in  no  country  on  earth  the 
smallest  tittle  of  evidence  that  will  allow  us  to  conclude  that  mesozoic  plant  types 
had  developed  anywhere  in  periods  preceding  the  formation  of  the  coal-measures, 
and  had  spread  themselves  by  migration  over  the  southern  continent. 

A  per  contra  assumption  immediately  suggests  itself :  that  the  mesozoic  floras  of 
Europe  which  all  show  a  great  typical  resemblance,  are  to  be  regarded  as  descend- 
ants of  the  palaeozoic  flora,  which  came  to  be  developed  on  the  southern  continent 
during  the  coal-measure  period. 

The  chief  point,  however,  is  always  the  proof  of  a  glacial  period  which  appeared 
on  the  southern  continent  during  the  coal-measure  epoch,  for  all  the  other  conclu- 
sions are  based  on  this  one  fundamental  fact.  But  this  fact  can  no  longer  be 
doubted  since  so  many  observers  in  many  quarters  have,  quite  independently  of 
each  other,  arrived  at  the  unanimous  result  that  the  formations  in  question  came  to 
pass  under  the  influence  of  ice.  Only  the  settling  the  age  of  the  formations  was 
doubtful,  but  this  can  now  be  carried  out  with  great  certainty. 

The  glacial  formations  of  this  period  are  spread  over  an  immense  area  of  the 
earth's  surface.  They  begin  in  about  40'  south  latitude  and  stretch  away  to  about 
35®  north  latitude,  and  in  longitude  from  about  35**  east  of  Ferro  to  170'' east,  an  area 
including  more  than  a  quarter  of  the  earth's  surface,  and  in  extent  and  size  not  much 
4^nferior  to  that  affected  by  the  most  intense  action  of  the  quarternary  glacial  epoch. 
But  while  during  the  quarternary  glacial  period  the  northern  hemisphere  suffered 
chiefly,  and  comparatively  small  extensions  pushed  down  alongside  the  Andes  and 
through  New  Zealand  into  the  southern  hemisphere,  the  chief  episodes  of  the 
Carboniferous  glacial  period  took  place  in  the  southern  hemisphere,  with  the  glacial 
deposits  on  the  Afghan-Persia  frontier  which  up  to  35**  north  latitude  are  but  of 
small  extent.^  All  this  is  obviously  correct  only  in  its  most  general  features. 
Very  much  is  yet  required  to  give  us  a  clear  picture  of  all  the  conditions,  and  many 
further  studies  will  be  necessary  to  complete  the  sketch  here  attempted.  We  our- 
selves must  let  our  eyes  travel  still  further,  and  first  of  all  submit  the  Europe  of 
that  time  to  closer  consideration. 

v.— Europe. 

Glacial  formations  have  repeatedly  been  thought  to  have  been  discovered  in 
deposits  which  precede  the  quarternary  period  more  or  less.  We  will  here  disre- 
gard CroU's  statements,  for  he  thought  he  could  point  out  numerous  glacial  form- 
ations in  every  system,  for  these  statements  can  hardly  be  accepted  as  made  in 
earnest.  Far  more  prudently  does  James  Geikie  express  himself  in  his  classical 
work,  "  The  Great  Ice  Age ; "  for  to  him  the  glacial  origin  of  certain  beds  appears 

^  According  to  Griesbach's  data.  Rec.  Geol.  Surv.  Ind.,  Vol.  XIX,  p.  57. 
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to  be  made  out  in  two  cases  only>  Tbe  conglomerates  at  the  base  of  tlie  Cariymi-' 
ferous  in  the  soath  of  Scotland,  and  the  Permian  boulder  beds  described  by  Ramsay, 
appear  to  him  to  be  certainly  glacial. 

Unfortunately  I  could  learn  nothing  in  detail  from  the  existing  literature  about  the 
glacial  horizon  in  the  lower  Carboniferous  of  Scotland  (as  to  which  it  is  really 
doubtful  whether  it  should  not  be  classed  as  Upper  Devonian).  I  succeeded, 
indeed  with  great  trouble,  in  procuring  the  descriptive  text  to  the  geological  map, 
but  could  find  no  fuller  mformation  in  it.  Indeed,  in  England  itself  the  view  that 
these  formations  are  glacial  seems  to  have  been  given  up  again  moie  or  less. 
Archibald  Geikie  in  his  Text-hooh  of  Geology  lays  no  great  stress  on  tiiese  state- 
ments :  and  lately  at  a  meeting  of  the  Geological  Society  of  London,  striated  pebbles 
derived  from  these  beds  were  shown  in  order  to  prove  how  such  scratched  gravels 
could  be  produced  in  a  secondary  way  by  the  sliding  of  the  beds. 

It  is  quite  different  with  regard  to  the  glacial  horizon  in  the  Pnmians  which  is 
by  all  authorides  unanimously  regarded  ds  unquestionably  glacial.  I  shall  later  on 
have  an  opportunity  of  inquiring  more  closely  as  to  this  Permian  glacial  horizon, 
but  for  the  present  we  will  confine  ourselves  to  the  Carboniferous  proper.  The 
glacial  horizon  above  referred  to  at  the  base  of  the  Scotch  Carboniferous  appears  to 
be  at  the  very  least  doubtful. 

Only  a  year  after  Ramsay  had  shown  the  glacial  nature  of  the  Permian  bfeccias 
in  England,  Godwin  Austen^  mentioned  masses  of  rock  out  of  &e  conglomerates 
underlying  the  coal-measures  in  France,  which  masses  were  of  far  too  great  dimen- 
sions to  have  been  cajried  to  the  sites  they  now  occupy  by  any  other  agency  than 
that  of  floating  ice.  Although  the  blocks  are  described  as  more  or  less  angular, 
such  a  fact,  in  the  absence  of  other  parallel  facts,  such  as  polished  and  striated 
gravels,  hardly  suffices  to  stamp  such  formations  as  certainly  glacial.  The  forma-* 
tions  may  appear  to  some  extent  suspicious,  but  it  is  hardly  possible  to  base  further 
conclusions  on  such  data,  especially  when  they  have  been  observed  only  singly  and 
not  at  many  places. 

The  same  holds  good  probably  with  regard  to  the  rounded  rock  masses  known 
from  Silesian  coal-fields  and  the  Ostraver  basin,  about  which  so  much  has  been  said 
of  late.^  These  rounded  masses  occur  in  the  coal  itself,  and  are  often  of  consid^- 
able  weight  (one  block  of  granulite  weighed  55  kilogrammes).  These  blocks  had 
evidently  fallen  into  the  coal  from  above  while  it  was  still  in  a  soft  peaty  condition, 
and  it  would  appear  that  the  distance  whence  they  were  borne  must  have  been  a  con- 
siderable one.  It  is  therefore  all  the  more  difiicult  to  say  how  the  transport  may  have 
been  effected.  It  would  be  most  easy  to  assume  that  ice  had  been  the  agent ;  but 
it  is  dangerous  to  draw  such  sweeping  conclusions  from  such  isolated  facts,  as  other 
possibilities  cannot  be  absolutely  excluded.  Various  writers  have  already  pointed 
out  that  trees  can  remove  rock  masses,  entangled  in  their  roots,  over  great  distances, 
and  that  perhaps  some  such  cause  might  be  assumed  to  have  operated  in  the  cases 
in  the  coal-measures.  It  must  certainly  be  borne  in  mind  that  the  trees  of  those 
days  were  only  occasionally  possessed  of  a  plexus  of  roots  in  which  rock-masses 
could  fix  themselves ;  but  on  the  other  hand,  the  carr}4ng  power  of  those  spongy 

»  Quart.  Jour.  Geol.  Soc,  Vol.  XII,  p.  58. 

•  See  Stur.,  Jahrbuch  d,  K.  K  Reichsanstalt,  1835,  Vol.  XXXV,  p.  627. 
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woods  majr  have  been  greater  than  that  of  the  compact  woods  of  the  existing  trees. 
In  any  case,  the  conditions  nnder  which  those  rock-masses  were  transported  mnst 
have  been  very  unusual  ones,  as  indicated  by  the  very  rare  occurrence  of  such  round- 
ed masses  in  the  coal-measures.  Anyhow,  the  occurrence  of  those  rounded  masses 
does  not  suffice  to  demand  the  assumption  of  a  quasi-glacial  period  at  the  time  of 
the  formations  of  those  coal-measures  in  Europe. 

If  the  occurrence  of  soKtary  targe  rock-masses  in  a  bed,  or  even  the  presence 
of  great  accumulations  of  boulders,  were  a  sufficient  proof  of  once  existing  ice- 
action,  then  no  region  ccnild  well  be  richer  in  old  glacial  formations  than  the 
Gatkhal  Alps.  Gigantic  boulder  beds  occur  there  at  very  different  horizons  (green 
Carboniferoiiis  breccias,  Uggowitz  breccia,  Verracano  conglomerate),  and  if  only  the 
general  fashioo  of  the  rock  is  regarded,  these  formations  might  decidedly  be  con- 
sidered glacial.  In  no  case  war  I  able  to  demonstrate  speciaMy  the  glacial 
diaracter  of  tiiese  deposits;  In  the  autumn  of  last  year  (1886),  I  specially  visited 
Uie  cafboaiferous  outcrops  oi  tins  character  in  the  Noetschgraben,  near  Bleiberg,  on 
the  occasion  of  sevo^  excursions. 

The  section  of  the  Noetsdigraben  was  described  by  Suess^  in  hm  accustomed 
maaterly  style.  The  lowest  exposed  rocks  are  the  Carboniferous  limestones  and 
shales  which  are  described  by  Suess  as  follows  : — "  The  beds  underlying  the  argillo^ 
micaceous  shales  have  a  similar  compositaon,  but  are  coarser.  They  contain  quartz 
veins  of  precisely  similar  character  to  those  in  tiie  argillo-micaceous  shales.  Some- 
what deeper  down  appears  a  green  tufa-like  rock  in  company  with  another  dark- 
green  rock,  the  so-called  diorite  of  Bleiberg.  These  two  latter  appear  to  be  con- 
nected by  transitions. 

"  Immediately  below  these  lies  in  thick  beds  the  light-coloured  quartz  conglo- 
merate of  the  coal-measures^  just  as  it  appears  at  Kerschdorf  at  the  base  of  the 
afgillo-micaceous  ^aies.  It  is  accompanied  by  beds  of  sandstone,  and  sometimes 
these  are  underlaid  by  soft  black  shales  whose  surfaces  are  covered  by  minute 
spangles  of  mica.  The  thicker  lower  division  of  these  contains  various  marine 
fossils,  amongst  which  small  Producii znd  Fenestella  pleheta  are  Ae  most  common ; 
traces  of  fern-fronds  and  CalamHts  are  mixed  up  with  them.  Below  these  follow 
some  beds  of  black  carboniferous  limestone  full  of  Productus  giganUus  and 
Potenocrinm  and  stems  of  Cyaihophyllum,  These  are  accompanied  by  a  very 
hard  dark-green  breccia.  Once  more  follows  black  shale  and  again  black  lime- 
stone with  Productus  giganteus  and  Poteriocrtnus,  These  are  underlaid  in  uninter- 
rupted southerly  dip  by  a  yet  greater  mass  of  those  green  diorite  rocks  which  were 
mentioned  at  the  boundary  against  the  argillo-micaceous  shale,  and  with  these  re- 
appears the  dark  breccia  which  acquires  a  very  remarkable  appearance,  especially 
where  its  blackish-green  matrix  encloses  numerous  pieces  of  white  granular  lime- 
stone. Below  the  American  smelting  furnace  a  new  bed  of  black  limestone  crop- 
ping out  from  below  the  above  contains  innumerable  huge  shells  of  Productus  with 
crinoidal  stems  and  Cyathophyllum^  and  is  traversed  by  red  threads  of  gypsum." 

It  is  the  dark-green  breccias  which  appear  as  true  boulder  beds,  and  to  which 
my  observations  have  special  reference. 

^  Suess,  on  the  equivalents  of  the  "  Rothliegendc  "  in  the  Southern  Alps.     Sitzungsberjcht 
Akad.  d.  W.  Vienna,  1868;  Vol.  LVII,  pt.  I. 


126  Rtcords  of  the  Geological  Survey  of  India.  [VOL.  XXI. 

These  boulder  beds  are  apparently,  but  somewhat  irregularly,  intercalated  between 
the  beds  with  Productus  giganieus^  and  which  have  yielded  the  fauna  described  ^by 
M.  de  Koninck.  The  fossiliferous  beds  become  equally  irregular  in  the  neighbour- 
hood of  the  boulder  accumulations,  are  much  bent  and  seem  often  to  have  slid 
together.  The  boulder  heaps  themselves  frequently  show  no  bedding  of  any  kind, 
consist  mainly  of  boulders  lying  together  in  wild  confusion,  and  often  attaining 
nearly  to  the  size  of  a  cottage,  but  are  otherwise  very  varied  in  size,  and  show  as  matrix 
a  fine  green  sandy  material  (perhaps  Diorite  tufa  ?)  that  appears  mixed  with  more  or 
less  coarse  sand  and  gravel.  The  boulders  themselves  consist  mostly  of  green, 
more  or  less,  aphanitic  rocks ;  but  other  rocks  are  not  rare.  They  are  never  perfect- 
ly angular,  but  mostly  half-rounded,  and  perfectly  rolled  pieces  are  also  not  wanting. 
The  individual  accumulations  of  boulders  appear  not  to  extend  far  horizontally. 
Despite  very  close  searching  I  could  not  find  a  trace  of  a  polished  and  scratched 
pebble,  and  it  thus  becomes  very  problematic  whether  one  is  dealing  at  all  with  a 
glacial  formation.  To  me  the  idea  that  these  boulder  heaps  came  to  pass  by  the 
co-operation  of  two  other  factors,  appears  much  more  probable ;  namely,  surf  and 
torrent  actions.  The  torrents  even  to-day  remove  the  same  boulders  from  the  beds 
and  carry  them  away.  The  beds  in  the  Notschgraben  were  doubtless  formed  in  a 
shallow  very  near  the  coast,  and  thus  both  factors  could  exert  influence  on  the  for- 
mation of  the  accumulations.  The  colossal  power  surf  can  display  I  was  able  to 
study  during  a  whole  winter  on  the  coast  of  the  Bay  of  Biscay,  where  rock  masses 
from  2  to  3  feet  in  diameter  in  each  direction  were  dashed  by  the  surf  waves  against 
the  coast  with  such  fury  that  the  groaning  of  the  rock-masses  actually  overpowered 
the  thundering  of  the  surf. 

From  this  example  it  becomes  clear  how  careful  we  should  be  not  to  pronounce 
any  boulder  bed  to  be  glacial,  unless  on  the  one  hand  polished  and  scratched  pebbles 
allow  of  a  sure  recognition  of  the  glacial  origin,  and  on  the  other  hand,  parallel'facts 
permit  of  the  idea  of  a  radical  change  of  climate. 

Formations  appearing  on  the  most  varied  horizons  in  one  and  the  same  neigh- 
bourhood, which  are  all  declared  to  be  glacial,  must  from  the  outset  arouse  a  certain 
suspicion,  and  the  greater  number  of  statements  concerning  glacial  deposits  at 
different  levels  in  the  palaeozoic,  mesozoic  and  tertiary  epochs,  might  in  the  course  of 
time  come  to  have  reference  only  to  such  totally  non-glacial  accumulations;  or 
there  might  be  errors  in  the  determination  of  the  ages  of  the  beds,  so  that  when 
really  glacial  formations  occur  they  may  be  referable  to  but  one  or  to  very  few  hori- 
zons. 

As  I  write  this,  an  essay  by  Dr.  Warth,  which  appeared  in  the  second  part  of  the 
Records  of  the  Geological  Survey  of  India  for  18H7,  has  come  to  hand,  and  brings 
the  definitive  proof  that  the  four  glacial  horizons  which  R.  D.  Oldham  maintained 
are  all  to  be  referred  to  one  single  level.  The  same  thing  will  probably  happen  to 
the  numerous  glacial  horizons  which  have  been  thought  to  be  demonstrable  in  the 
Himalayas.  On  the  one  hand,  they  will  probably  prove  to  be  mere  boulder  beds ;  on 
the  other  they  will  perhaps  be  reducible  to  one  horizon  that  will  approximate  to  the 
horizon  of  the  Salt-Range. 

Let  us  return  to  Europe,  after  this  digression.  We  have  seen  that  in  the  palaeozoic 
formations  of  Europe  there  are  no  absolutely  undoubted  glacial  formations  except 
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in  the  Permian,  but  these  stand  above  all  doubt.  The  Permian  glacial  beds  0! 
England  were  described  by  Ramsay  in  a  masterly  way.  They  occur  in  the  midland 
counties,  and  extend  thence  over  very  considerable  areas  and  frequently  attain  to  a 
thickness  of  several  hundred  feet.  The  blocks  are  either  angular  or  half-rounded, 
and  often  from  3  to  4  feet  in  diameter.  The  surface  of  the  greater  number  of 
them  is  smoothed,  very  many  are  perfectly  polished  and  bear  fine  scratchings,  which 
are  either  all  parallel,  or  belong  to  different  systems  crossing  each  other  at  various 
angles.  These  boulders  lie  in  a  red  marl  and  consist  nearly  all  of  Cambrian  quart- 
zite,  of  various  Silurian  rocks  and  of  others  of  the  upper  Caradoc,  and  all  must 
have  been  carried  a  distance  of  at  least  ao  to  40  English  miles. 

What  place  these  breccias  hold  in  the  Pemian  stratigraphical  sequence  is  a  little  dif- 
ficult to  determine.   Underlying  them  are  sandstones  and  red  marls  which  have  yielded 
Lepidodendra,  Calamiies  and  Q)Strophalosia,  and  which  in  their  turn  rest  unconform- 
ably  on  the  beds  of  the  upper  Carboniferous.    The  breccias  are  certainly  of  marine 
origin,  and  belong  either  to  the  middle  division,  or  the  lower  section  of  the  upper  divi- 
sion of  the  Permian.     Similar  breccias  have  been  pointed  out  in  Ireland  and  Scotland. 
We  must  thus  assume,  for  a  great  part  of  the  British  Islands  at  least,  at  the  time 
of  the  Middle  or  Upper  Permians,  glacial  conditions  under  which  the  breccias  in 
question  were  formed.     Ramsay,  it  is  true,  believes  that  many  also  of  the  "  Roihlie- 
gende ''  breccias  on  the  Continent  are  of  glacial  origin,  but  nothing  more  has  been 
made  known  about  this.    Here,  however,  another  fact  of  great  interest  has  to  be 
taken  into  consideration ;  the  fact,  namely,  that  in  all  Europe  the  transition  from  the 
palaeozoic  to  the  mesozoic  type  of  the  floras,  and  the  dying  out  of  the  greater  part 
of  the  paloeozoic  plant  types,  occurs  in  the  middle  of  the  Permian  epoch,  and  is  thus 
again  coincident  in  time  with  the  glacial  phenomena  described  from  England.    We 
see  thus  that  in  Europe  also  the  thorough  change  of  the  flora  goes  hand  in  hand 
with  the  change  in  the  climatic  conditions. 

From  North  America  also  boulder  beds  of  similar  age  are  cited,  but  it  is  not 
decided  positively  whether  they  are  really  glacial  or  not.  It  appears  certain  how- 
ever, that  at  the  time  of  deposition  of  the  Permians  a  great  part  of  the  northern 
hemisphere  was  visited  by  a  great  depression  of  temperature.  What  had  happened 
to  the  southern  hemisphere,  already  in  the  upper  coal-measure  period,  only  befel 
the  northern  hemisphere  in  Permian  times.  Fn  each  case,  however,  the  thorough 
change  in  the  temperature  conditions  is  also  mainfested  in  the  thorough  change  of 
the  flora ;  and  by  the  conditions  obtaining  in  Europe  we  are  led  to  the  same  con- 
clusion as  we  expressed  above  with  reference  to  the  facts  observed  in  the  southern 
continent,  that  the  carboniferous  plant  types  must  have  been  very  delicate  in  their 
nature  and  unable  to  withstand  severe  frosts. 

The  Permian  cold  period  in  Europe  does  not,  however,  seem  to  have  been  limit- 
ed to  the  northern  hemisphere.  If  we  turn  to  the  tabular  statament  on  page  iii  we 
see  that  in  the  Hawksbury  beds  in  Australia,  glacial  conditions  occur  again.  These 
beds  should  very  probably  be  considered  equivalents  of  our  Permian ;  and  thus  we 
should  have  to  note  in  Australia  also  a  return  of  cold  in  Permian  times.  But  here 
the  cold  has  not  acted  so  effectually ;  it  met  with  a  vegetable  community  which 
could  endure  it,  and  had  previously  in  part  experienced  something  of  the  kind,  and 
in  consequence  we  do  not  see  any  thorough  change  of  the  flora. 
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In  India,  trices  of  the  jonnger  caibosiferons  gladal  period  seem  to  be  waadng:. 
In  tke  Salt-Range,  the  older  very  thick  glacial  deposits  are  overlaid  by  beds  widi 
Futulina  Umgissima^  Jlfdll^  and  some  other  species,  and  these  are  fdlowed  l^  the  rich 
Permian  fauna  described  by  me.  This  faona  is  by  no  means  an  aotochthonocis  oae^ 
for  it  consists  of  a  community  of  organisms  thrown  together  like  dice  ta  a  variety 
of  ways. 

The  greater  part  of  the  fauna  emanates  from  the  east  from  China,  which  had  already 
in  the  upper  Coal-measure  period  been  colonized  from  America,  as  is  clearly  taught 
by  the  Lo  Ping  fauna  described  by  Kayser.  A  colonisation  at  such  an  immense 
distance  can  only  take  place  under  specially  favourable  circumstances  and  wilfa  te 
assistance  of  marine  currents.  It  was  these  probably  which  made  the  climate  of 
China  so  much  milder  that  the  formation  of  the  coal-measures  could  continue  m» 
interruptedly,  while  in  the  neighbouring  India  great  ice-masses  were  being  heaped 
up.  These  ocean  currents  extended  in  the  Permian  time  as  fiv  as  the  Indian  cc^ 
of  ^e  great  southern  coatiuent,  and  by  bringing  waim  waters  with  them  caused* 
there  the  rich  development  of  organic  life  with  which  I  became  acquainted  in  the 
Productus  limestone.  From  this  source  ^ring  also  the  majority  oi  the  q>ecies  of 
the  Indian  Permian.  Another,  but  smaller  number  of  them,  indicates  a  connectioB 
with  the  carboniferous  fauna  of  Australia.  According  to  the  observations  of  R.  D. 
Oldham,  the  latter  is  embedded  in  ^e  glacial  deposits,  and  may  well  therefore  be 
considered  as  a  cold-water  fauna.  If  regarded  from  ^is  point  of  view;  it  is  ^q>li« 
cable  why  so  few  types  of  this  fauna,  of  which  indications  occur  in  the  gliacial  beds  of 
die  Salt-Range,  have  survived  into  the  Permian  deposits.  A  third  almost  invisible 
fraction  of  the  fauna  points  to  relations  with  the  north  (the  lands  of  the  Caucasus). 
But  the  richer  the  Permian  fauna  enclosed  in  the  Productus  limestone  appears^  the 
more  remarkable  does  it  seem  that  this  fauna  appears  to  be  suddenly  cut  off  without 
any  transition  forms,  as  soon  as  the  first  deposits  of  the  Ceraitie  beds,  that  is  to  say, 
the  lowest  Trias,  appear.  This  sudden  disappearance  of  the  palaeozoic  animal  types 
in  India  brings  us  to  another  question  that  has  yet  to  be  discussed, — ^whether  the  great 
depression  of  temperature,  which  was  followed  by  the  above  described  glacial 
phenomena,  and  which  showed  as  its  immediate  result  the  extinction  of  the  palaeozoic 
plant  types,  had  also  similar  influence  on  the  marine  faunas,  and  caused  the  reduction 
of  the  pala^zoic  animal  type  to  a  small  residue. 

If  we  study  the  effect  of  the  cold  of  the  quarternary  glacial  period  on  the  marine 
faunas,  we  see  that  an  extinction  of  the  types  is  not  caused  immediately,  but  that 
only  a  horizontal  displacement  of  the  faunas  sets  in,  and  they  thus  accommodate 
themselves  in  this  way  to  the  conditions  of  temperature. 

So,  also,  in  that  long  past  time  to  which  the  above  described  glacial  formations 
belong,  the  approaching  cold  will  from  the  first  have  had  that  effect,  and  the  several 
faunas  will,  from  the  first,  have  sought  the  places  in  which  the  conditions  of  tempera- 
ture agreed  with  the  conditions  of  life  essential  to  them.  But  when  in  addition  to 
the  greatly  lowered  temperature  another  distribution  of  the  great  continental  land- 
masses  takes  place,  which  is  followed  by  a  totally  different  distribution  of  the  ocean 
currents,  then  a  state  of  things  will  appear  at  many  points  of  the  earth's  surface 
which  offers  no  longer  the  life  conditions  necessary  for  a  community  of  marine  organ- 
isms accustomed  to  a  high-water  temperature,  and  they  will  have  to  perish  wholesale, 
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30  that  only  a  small  nnmber  will  be  able  to  save  themselves  and  reach  a  fresh 

period. 

Such  a  case  doubtless  occurred  in  the  Salt-Range,  while,  at  the  time  of  the  second 

carboniferous  cold  period,  warm  currents  flowing  here  from  the  east  favoured  a  rich 
life  ;  but  this  current  was  at  the  Permian  period  suddenly  diverted  and  replaced  by 
a  cold  current  from  the  far  north. 

That  this  was  really  the  case  is  proved  by  the  enclosed  fossils;  for,  with  the  lower 
beds  appear  suddenly  Siberian  cephalapoda  types  (Siberties,  &c.)  in  great  numbers. 
This  marine  current  continued  throughout  the  Triassic  and  Jurassic  periods,  ai|d 
caused  a  deep  descent  to  the  southward  of  the  boundaries  of  the  Boreal  marine 
province.  For  the  Jurassic  system,  this  descent  was  long  since  demonstrated  by 
Neumayr. 

Thus  it  appears  that  the  possibility  is  not  barred  that  the  great  revolution  which 
occurred  also  in  the  fauna  of  the  seas  at  the  end  of  the  palaeozoic  period,  may  be 
referred  back,  in  part  directly^  in  part  indirectly,  to  the  gieat  depression  of  tempera- 
ture which  at  the  cfhd  of  the  palaeozoic  time  appears  to  have  spread  itself  over  the 
whole  earth,  South  America  excepted. 

As  far  as  I  know.  South  America  is  at  present  the  only  continental  mass  in  which 
glacial  formations  have  not  been  shown,  either  in  the  upper  Carboniferous  or  the 
Permian. 

The  presence  of  a  mild  climate  in  this  quarter  is  proven  by  the  existence  of 
coal-measures  with  genuine  carboniferous  plants  in  Brazil. 

South  America  seems  to  have  played  a  similar  part  during  the  carboniferous 
glacial  period  to  Western  North  America  in  the  time  of  the  [quartemary  ice  cap ; 
where,  as  shown  by  Campbell,  glacier  traces  are  very  sparingly  present,  and  are  re- 
stricted to  the  higher-lying  parts  of  the  country. 

I  have  thus  striven  to  demonstrate  a  glacial  period  which  appeared  with  great 
intensity  in  the  upper  Carboniferous  period  on  a  continent  the  greatest  part  of  which 
lay  south  of  the  equator ;  but  which  later  in  the  Permian  period  extended  itself 
over  the  greatest  part  of  the  globe.  However  many  ice- made  formations  in  earlier 
and  later  times  have  been  mentioned  in  geological  literature ;  at  no  time  can  such 
deposits  be  shown  in  such  wide  extension  as  in  the  Carboniferous^  and  the 
quarternary  periods. 

As  far  as  our  knowledge  now  extends,  there  appear  thus  to  have  been  two  great 
periods  of  cold  which  our  earth  has  passed  through  up  to  the  present ;  and  of  the3e 
the  second  seems  to  have  been  pretty  nearly  the  counterpart  of  the  first. 

From  my  deductions,  however,  it  becomes  abundantly  clear  that  in  the  earlier, 
as  in  the  later,  times,  the  distribution  of  the  plant  types  on  the  surface  of  the  earth 
was  dependent  on  climatic  conditions,  so  that  plant  remains  can  only  be  used  as 
leading  fossils  under  certain  restrictions  and  precautions. 

To  enter  upon  the  causes  of  the  great  depression  of  temperature  in  the  Carboni- 
ferous period,  is  not  in  the  very  least  my  intention.  Endless  studies  will  yet  have 
to  be  made  ere  any  degree  of  clearness  will  J)e  attained  to  in  this  respect.    I  would 

*  When  I  speak  here  of  the  carboniferpus  in  general,  I  reckon  the  Permian  as  a  sub-division 
of  the  Carboniferous.  I  do  not  at  all  believe  that  the  Permian  can  maintain  itself  as  an  in- 
dependent system. 
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only  mention  that  the  explanation  indicated  by  R.  D.  Oldham  in  the  Geological 
Magazine  for  1886,  and  before  that  in  the  Journal  of  the  Asiatic  Society  of  Bengal, 
appears  to  me  quite  insufficient,  as  the  conditions  are  certainly  much  more  com-- 
plicated  than  pre-supposed  by  that  attempt  at  explanation. 


The  Sequence  and  correlation  of  the  Pre-Tertiary  Sedimentary  formationi 
of  the  Simla  Region  of  the  Lower  Himalayas,  by  R.  D.   Oldham,     - 
A.R.S.M.,  F.G.S.,    Deputy    Superintendent,    Geological    Survey   oj 
India, 

Since  the  publication  of  the  Manual  of  the  Geology  of  India,  there  has  been  no 
general  review  of  our  knowledge  of  the  geology  of  the  Himalayas,  yet  so  great  has 
been  the  progress  made  since  then,  that  it  becomes  daily  more  necessary  that  the 
many  isolated  accounts  of  different  portions  of  the  Himalayas  should  be  amalgamat- 
ed, so  far  as  is  possible,  and  a  starting  point  for  further  work  obtained. 

As  long  as  the  survey  of  the  Himalayas  is  in  active  progress,  the  individual  workers 
are  naturally  loth  to  publish  anything  which,  having  the  appearance  of  finality, 
would  perhaps  be  superseded  by  the  next  season's  work :  but  as  my  own  work  in  the 
Himalayas,  which  has  been  interrupted  for  some  time,  may  be  suspended  owing  to 
more  pressing  demands  made  on  the  Geological  Survey,  this  will  give  an  opportunity 
for  publishing  a  summary  of  the  present  state  of  our  knowledge  of  the  region  with 
which  I  am  personally  acquainted. 

Owing  to  the  many  interruptions  of  my  work  in  the  Himalayas,  it  is  impossible 
for  me  to  give  a  detailed  account  of  the  geology  of  the  Simla  Region,  and  I  shall 
consequently  confine  myself  to  giving  an  account  of  the  sequence  which  will  be 
useful  as  indicating  systems  which  have  been  identified  in  the  region  under  considera- 
tion, of  which  equivalents  may  be  looked  for  in  other  neighbouring  regions. 

Within  the  limits  of  the  Simla  Region,  by  which  is  here  meant  that  part  of  the 

„  ^    ^   ,       ...  Lower  Himalayas  which  lies  west  of  the  Jumna  river,  the 

*•  Central  gneiss'*  series.         ,  ,  ,        \         ,  .  /.    ,    j  1    j  .  rr,, 

oldest  series  of   rocks   consists  of   bedded   gneiss.      The 

occurrence  of  gneiss  in  the  Himalayas  was  noticed  by  the  earliest  observers,  but  it 

was  first  separated  as  a  distinct  system  by  Dr.  Stoliczka,  who  named  the  gneiss,  seen 

by  him  on  the  Babeh  pass,  the  "  Central  gneiss"^  from  an  idea  that  it  formed  the 

original  axis  or  core  on  either  side  of  which  the  sedimentary  beds  of  the  Himalayas 

were  deposited. 

Though  the  hypothesis  on  which  this  idea  depended  is  no  longer  tenable,  and 
the  name,  in  so  far  as  it  implies  a  theory,  inappropriate,  yet  as  this  theory  has  been 
abandoned  by  geologists  the  old  name  may  safely  be  maintained  as  preferable  to  Lau« 
rentian  or  Archaean,  both  of  which  imply  an  hypothesis  there  is  no  means  of  verifying. 

The  Babeh  pass  section  does  not  strictly  belong  to  the  Lower  Himalaya  but  is  so 

Babeh  pass  section.        ^^^^®  ^^  ^^^  ill-defined  boundary  of  this  region  that  it  will 

be  considered  here.    On  the  ascent  from  the  Sutlej  river 

'  Mem.  Geol.  Surv.  Ind.,  V,  pt.  i. 


.1  ■.he  Boulder  hed.  Ckfi  Hlll,-?8.]i. '  Range  . 
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a,t  Wangtu  bridge  an  apparently  continuous  sequence  of  not  less  than  11,000  feet  of 
gneiss  is  seen  dipping  at  high  angles  to  north-north-east.  The  rock  varies  in  texture 
and  composition  a  few  thin  bands  of  mica  schist  being  seen,  but  for  the  most  part 
it  is  a  massive,  often  granitoid,  gneiss ;  in  some  of  the  beds  the  foliation  is  absent 
or  obscure  and  these  generally  contain  porphyritic  crystals  of  orthoclase,  twinned  on 
the  Carlsbad  type.  The  foliation  is  parallel  to  the  bedding  planes  and  the  succes- 
sive layers,  varying  in  thickness  from  a  few  inches  to  a  few  feet,  differ  from  each 
other  in  texture  and  mineral  composition ;  showing  that,  whether  metamorphosed 
^Tom  ordinary  sediment  or  not,  the  rock  was  originally  formed  by  some  process  ana- 
logous to,  if  not  identical  with,  ordinary  sedimentation. 

Beds  belonging  presumably  to  the  same  system,  though  differing  somewhat  in 

mineral  character  are  exposed  in  the  upper  part  of  the  Pdbar 

l>db^°vaUey^'  ^^^^  ""^     ^^^^^y  ^°  ^issdhir.i    Here  there  is  a  much  larger  proportion 

of  very  slightly  felspathic  mica  schists  and  quartzites,  some 

of  the  latter  being  perfectly  free  from  felspar  and  showing  their  detrital  origin  very 
-distinctly ;  on  the  other  hand  some  of  the  beds  are  almost  pure  orthoclase.  None 
of  the  beds  of  gneiss  are  as  highly  metamorphosed  as  the  generality  of  those  on 
the  Babeh  pass  section,  but  augen  gneiss  is  abundant ;  in  some  of  the  beds  lenticu- 
lar masses  of  felspar  over  an  inch  thick  and  about  three  in  length  are  scattered 
through  the  rock,  the  internal  structure  being  in  all  cases  that  of  a  crystal  twinned 
along  a  plane  passing  through  the  edge  of  the  lens  and  lying  parallel  with  the 
planes  of  foliation. 

In  spite  of  the  differences  between  the  gneiss  of  the  Pibar  valley  and  that  of  the 

^     .. ,  .  Babeh  pass  I  have  thought  it  best,  in  the  absence  of  any  proof 

Possibly  two  series.  _       '^  1         l        .       .i_       .»  e 

to  the  contrary,  to  class  them  together ;  the  occurrence  of  augen 

gneiss  in  both  and  the  fact  that  the  most  common  accessory  minerals  are  schorl  and  gar- 
net in  both  cases,  is  to  a  certain,  though  slight,  extent,  confirmatory  of  this  conclusion. 
The  central  gneiss  appears  to  occupy  but  a  very  small  area  within  the  Simla  Re- 
gion as  here  defined  but  it  attains  a  great  development  in  the  Central  Himalayas. 
Next  follovf  ing  the  central  gneiss  comes  what  I  shall  call  the  Jaonsdr  system. 

This  was  first  identified  by  me  in  the  district  of  Jaonsar ;  it 
e  jaons  r  sys  em.  ^^  named  the  Chakrata  series,^  and  divided  into  an  upper 
and  a  lower  group.  But  subsequent  examination  of  the  same  system  where  it  is  more 
satisfactorily  exposed,  west  of  the  Tons,  has  led  me  to  the  conclusion  that  it  should 
be  divided  into  three  divisions,  the  lowest  of  which  was,  through  a  mistaken  correlation, 
erroneously  classed  with  the  uppermost. 

Of  these  three  divisions  the  lowest  consists  of  a  great  thickness  of  grey  slates  contain- 
ing, towards  the  upper  limit,  a  band  of  blue  limestone  about  300 
Lower   Jaons^  sub-     ^^^^  ^y^^^^    ^j^     ^^^^  ^^^  ^^^^  £^1,    examined  and  it  is  not 

division.  "^  11         1 

even  certain  whether  they  really  belong  to  this  system  or  no. 
The  middle  division  of  the  Jaonsir  system  is  characterized  by  the  prevalence  of 

red  quartzites  and  slates     It  forms  the  hill  or  which  the  sani- 
quar   i  es.         tarium  of  Chakrata  is  built  and  there  consist?  of  purplish  red 
slates  and  quartzites,  the  latter  not  infrequently  mottled  with  white. 

^  For  description  see  Rec.  Geol.  Surv.  Ind.,  XX,  160. 
•  Rec.  Geol.  Surv.  Ind.,  XV!,  93. 
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The  same  purple  qnaitzites  are  foond  m  the  Nska^  and  Bongfl  ynSkjt  of  Eaalen 

Sirmiu;  and  at  the  bead  of  t&e  Pibar  vallej  the  gneias  aeiiei 
^"^^f^^"^'     »  imcoiifoniiablj  overiaid  by  purple  qoaHzifea  and  alales, 

above  which  come  hombleiide  sdasia,  probably  rapnaeatag 
the  volcanic  beds  of  the  upper  group. 

The  beds  of  the  upper  Jaonsir  group  are  exposed  in  the  northern  part  of  JaOadk 
u        T    nsdr  Bdwar,  but  their  relations  to  the  quartzitea  are  better  diewa 

in  the  Bangfl  valley  in  Eastern  Sirmur,  on  tte  aouthen 
side  of  which  the  red  quartzites  and  slates  of  the  lower  groq;>  are  overbid  by  aboia 
200  feet  of  dark-grey  febitic  trap  covered  by  as  much  more  of  mixed  trap  and  vol- 
canic aril.  This  does  not,  however,  exhibit  the  whole  thtckneas  of  the  Tokanks,  as 
their  upper  part  is  cut  oflF  by  an  unconformity.' 

The  volcanic  beds  of  Northern  Jaonsir  differ  from  these  in  some  TtsptCt^i  hva 
flows  are  rarer  while  ashes,  interstratified  and  mixed  with  sub-aqueous  sediment  are 
abundant,  m(N'eover  a  band  of  limestone,  some  300  fieet  in  tbidmeas  is  uHcntratified 
in  the  series.* 

This  difference  is  due  to  a  difference  in  the  mode  of  origin ;  while  the  voleaai^ 
of  Jaonsir  were  certainly  deposited  under  water.thoee  of  the  Bangui  valley  were  of  sab- 
aerial  origin.  At  one  place  a  layer  of  pebbles,  some  of  lava  bat 
mostly  of  vein  quartz,  was  found  interstratified  with  the  vol- 
canics.^    The  presence  of  lava  pebbles  would  not  prove  more  than  the  oomemponiy 
existence  of  a  volcanic  island,  but  the  quartz  pebbles  point  to  the  proximity  of  an  area  of 
non-volcanic  rocksywhose  shores  must  have  bounded  the  sea  area  of  the  Jaoasfr  period. 
On  the  northern  side  of  the  Bangti  valley  these  volcanic  beds  are  overbid  bj  t 
B     .4 ,  great  thickness  of  sub-schistose  slate,  but  whether  it  belongs 

Possible  newer  group.  .  .      ,  ^  .  ,  t 

properly  to  the  Jaonsar  system  or  a  newer  otie  is  not  knowa.^ 
Before  leaving  this  system  I  must  mention  that  a  conglomeratic  bed,  similar  to 

B    Id    b     •     bed        ^^^^  ®^  ^^^  Blaini  group,  to  be  described  further  on,  has 

been  recorded  in  two  distinct  localities,  and  in  both  cases 
low  down  in  the  section.  The  most  westerly  of  these  is  on  the  north  side  of  the 
Bangdl  valley.  Here  at  the  eastern  boundary  of  the  Jaonsdr  system,  where  it  is 
faulted  against  the  Deoban  limestone,  there  occurs  a  bed  of  semi-schistose  red 
quartzose  slate,  through  which  are  scattered  rounded  boulders  of  hard  crystalline 
qaartzite.  The  position  of  this  bed  in  the  section  is  a  little  doubtful  as  the  rock  wu 
not  seen  in  st/u  but  the  portion  in  which  the  detached  fragments  were  found  and  the 
similarity  between  the  matrix  and  some  of  the  beds  of  the  Lower  Jaonsir  group,  alike 
indicate  that  it  occurs  low  down  in  that  system  of  rocks.  It  is  important  to  note  that 
the  bed  cannot  be  of  volcanic  origin,  as  is  proved  by  the  rounded,  water-worn  form  of 
the  boulders ;  and  that  it  is  not  associated  with  any  volcanic  beds,  being  separated  by 
between  2,000  and  3,000  feet  of  sedimentary  beds  from  the  upper  Chakrata  traps.* 

'  Neweli  of  Atlas  of  India. 

'  Rec.  Geol,  Surv.  Ind.,  XX,  157. 

*  Ibid.  XVI,  193(1883). 
*Ibid.XX,iS7. 

»  R.  D.  Oldham,  MSS.  Report. 

•  R.  D.  Oldham,  Rcc.  Geol.  Surv.  Ind.,  XX,  157  (1887),  and  MSS.  Report. 
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A  somewhat  similar  bed  occurs  in  Northern  Jaonsdr,  where  it  has  been  recorded 
&s  Blaini.  Here  the  matrix  is  quartzite  and  the  included  fragments  are  angular,  this 
crombined  with  the  presence  of  volcanic  beds  among  the  quartzites  with  which  it  is 
interbedded  renders  it  impossible  to  declare  that  the  rock  is  not  of  volcanic  origin.^ 
This  hypothesis  does  not,  however,  seem  to  me  to  fit  the  case,  and  it  is  certainly 
equally  probable  that  it  is  of  the  same  age  and  origin  as  the  Bangdl  rock.  What 
^aay  have  been  the  origin  of  the  latter  I  shall  not  at  present  discuss. 

Above  the  Jaonsdr  volcanics  there  is,  in  Northern  Jaonsir,  a  great  development 

of  limestone  which  forms  nearly  all  the  higher  parts  of  the 
eo      sy  em.  group  of   mountains  running  north  from  Deoban.     This 

limestone  was  at  one  time  regarded  as  the  equivalent  of  that  seen  on  the  Krol  moun- 
tain, south  of  Simla ;  but  was  named  Deoban  limestone'  by  me  in  1883  in  consequence 
(rfa  doubt  as  to  the  correctness  of  this  identification.  Subsequent  investigation 
has  shown  that  the  two  limestones  are  distinct,  so  the  provisional  name  may  stand* 
The  unconformity  of  this  system  to  the  Jaonsir  beds  is  very  plainly  seen  in  Northern 
Jaonsdr  and  is  especially  well-marked  in  the  valley  of  the  Dhdragadh  where  the 
occurrence  of  a  band  of  limestone  among  the  beds  of  the  Jaonsir  system  serves  as  ft 
horizon  to  mark  the  oblique  truncation  of  the  beds  of  the  older  series  by  the  t:ontaci 
surface  between  ^em  and  the  Deoban  limestone. 

The  Deoban  system  as  seen  in  Jaonsir  consists  of  a  pale  grey,  bedded  lime* 
slone,  with  a  varying  proportion  of  dolomitic  beds  and  intercalated  spates.  The 
limestone  is  frequently  mephitic,  in  places  contains  cherty  concretions,  and  is 
eocasionally  oolitic.  A  speckled  limestone  shewing  tdack  specks  on  a  white  ground 
is  common  and  some  of  the  beds  exhibit  a  peculiar  pseudo-oi^nic  structure  which 
gives  them  the  appearance  of  being  composed  of  a  mass  of  closely  chambered 
shells ;  curiously  enough  these  apparent  fossils  are  gendraily  imbedded  in  a  matrix 
which  weathers  brown,  while  they  retain  then:  blue-grey  colour.'  The  structure  is 
possibly  of  orgamc  origin,  but  if  so,  it  is  impossible  to  guess  even  the  family  of  the 
animal  that  produced  it,  and  if  of  purely  concretionary  origin  it  is  strange  that  it 
should  be  found  over  so  large  an  area.  I  have  found  it  in  Sirmur,  west  and  south 
of  the  Giri,  and  a  precisely  similar  structure  was  described,  and  illustrated,  by  Dr. 
McClelland,  in  the  "  transition  "  limestone  of  Kumaon,^ 

This  system  is  not  known  with  certainty  to  occur  away  from  the  Deoban  ext>oSuret 
but  it  is  almost  certain  that  some  of  the  exposures  of  limestone  south-east  of  the  Chor 
should  be  ascribed  to  it,  while  the  great  limestone  of  the  Shali  peak,  north-east  of 
Simla,  probably  belongs  to  the  same  system. 

Following  on  the  Deoban  there  comes  a  system  which  I  find  somis  difficulty  in 

treating  satisfactorily.    It  probably  occupies  a  more  exten- 

The  carbonaceous  sys-     gj^^  ^^^  ^^  ^j^^  north-westem  termination  of  the  Lower 
tem. 

Himalayas  than  any  other  system  of  beds,  but  all  the 

*  Rec.  Geol.  Surv.  Ind.,  XVI,  193,  (1883). 
■  Rec.  Geol.  Surv.  Ind.,  XVI,  195. 

*  Loc.  cit. 

*  Jour.  As.  See.  Beng.,  Ill,  628,  plate  XXXV,  fig.  4  (1834),  see  also  Geol.  Mag.,  3rd  Decade 
Vff  S55  (1888)4  where  a  similar  structure  from  the  limestone  ol  Kulu  is  described,  and  consi- 
dered as  of  organic  origin. 
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sections  examined  as  yet  shew  individual  peculiarities,  and  as  it  is  impossible  to  say 
where  the  system  is  best  exposed  I  am  driven  to  take  a  descriptive  name  from  the 
slates  impregnated  with  carbonaceous  matter  which  characterize  its  upper  portion, 
and  I  shall  speak  of  it  as  the  carbonaceous  system. 

On  the  Simla  section  the  lowest  group  seen  consists  of  a  great  thickness  of  grey 

slates,  gritty  slates  and  quartzites,  being  the  Infra-Blaini  or 

sla^es^"'^*'''''''"'''    ^'""^*     ^^^^^  ^'^^^^  ^^  ^*"-  Medlicott.1    It  is  not  absolutely  certain 

whether  these  slates  do  or  do  not  belong  to  the  carbona- 
ceous system,  but  in  the  neighbourhood  of  Simla  there  is  no  indication  of  an 
unconformity  and  for  the  present  it  is  best  to  class  them  here. 

Following  on  the  Simla  slates  comes  a  very  peculiar  group  of  beds,  originally 

described  by  Mr.  Medlicolt,  under  the  name  of  Blaini,  as 
aim  group,  follows: — *"The  principal  rock  of  this  little  group  is  a  pure 

limestone,  very  dense,  ometimes  compact  sometimes  sub-crystalline ;  its  commonest 
colour  is  pale  pink,  but  often  blue  and  greenish-yellow ;  it  occurs  in  thin,  well- 
defined  layers,  but  these  are  often  agglomerated  together  into  one  mass,  the  beds 
shewing  only  as  bands  in  this  mass.*  *  *  It  has  a  constant  companion,  more 
peculiar  than  itself,  and  the  two  combined  furnish  an  unmistakable  clue.  This 
other  rock  is  a  kind  of  conglomerate.  It  occurs,  I  believe,  below  the  limestone, 
though  in  the  many  inverted  contortions  it  often  appears  above.  The  base  of  this 
conglomerate  is  a  fine,  gritty  slate,  of  a  dull  green  or  blue  colour,  in  fact  altogether 
like  the  thin-bedded  rocks  in  the  midst  of  which  it  occurs.  Through  this  base 
pebbles  of  quartz  are  thinly  scattered,  seldom  larger  than  a  hen's  egg.  These 
pebbles  are  sometimes  so  scarce  as  to  pass  unnoticed  without  special  search.  In 
most  places  sub-angular  fragments  of  a  slate  rock  are  the  prevailing  foreign  elements 
in  the  conglomerate,  which  thus  assumes  a  very  brecciated  aspect." 

With  regard  to  this  description  I  must  remark  that  there  seem  to  me  some 
objections  to  the  application  of  the  word  "  conglomerate  "  to  such  a  rock  as  is  de- 
scribed. We  require  some  term  that  indicates  the  occurrence  of  pebbles  scattered 
through,  and  separated  from  each  other  by,  a  slate  matrix,  a  structure  which  involves 
some  special  mode  of  formation  and  deserves  a  special  name.  But  it  is  necessary 
to  choose  one  that  does  not  involve  a  theory,  and  perhaps  the  best  name  that  can  be 
applied  is  "boulder  slate,"  on  the  analogy  of  "boulder  clay,"  meaning  thereby 
a  slate  containing  scattered  fragments  of  foreign  rock,  irrespective  of  the  actual 
size  of  these  fragments.  An  objection  to  the  term  is,  of  course,  that  indirectly 
it  implies  a  theory,  the  term  boulder  clay  having  become  almost  synonymous  with 
glacial;  this  objection  may  be  held  to  be  of  less  weight,  as  the  theory  implied  is  the 
Oiily  one  that  satisfactorily  accounts  for  the  known  facts  and,  in  any  case,  there  is 
no  essential  or  direct  connection  between  the  term  used  to  describe  the  effect  and 
the  assumed  cause.  I  shall  therefore  use  the  term  "  boulder  slate  "  as  meaning  a 
slate  which  encloses  boulders  or  pebbles  of  some  older  rock,  and  without  reference 
to  the  theoretical  origin  of  the  rock. 

The  Blaini  group,  in  the  form  originally  described,  has  a  tolerably  extensive  dis- 

'  Mem.  Geol.  Surv.  Ind.,  Ill,  pt.  ii,  p.  33. 

"  Op  cit.  p.  30.  The  name  was  originally  spelt  Blini,  but  the  more  correct  spelling  Blaini 
is  now  generally  adopted. 
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ribution,  being  found  even  east  of  Mussoorie,  but  as  a  rule  the  boulder  slates  are 
Qore  extensively  developed,  and  the  limestone,  even  in  the  neighbourhood  of  Simla, 
5  by  no  means  a  constant  member.^ 

Above  the  Blaini  group,  and  intimately  associated  with  it  comes  the  series  of 

beds  from  which  I  have  derived  the  name  of  the  system. 
^Carbonaceous     divi-     jhey  were  originally  described  by  Mr.  Medlicott  as  " Infra  • 

Krol "  from  the  fact  of  their  occurrence  underneath  the  Krol 
imestone  on  the  Krol  mountain.  The  series  is  there  only  partly  exposed  and  this  as 
veil  the  suggestion  of  association  with  the  Krol  limestone  might  be  held  to  necessi- 
ate  supersession  of  the  name,  but  it  has  held  its  own  for  30  years  in  the  Survey 
>ublications  and  it  will  be  best  to  retain  it,  but  in  a  more  extended  sense  as  including 
he  "Krol  quartzite."  On  the  Simla  hill  the  series  consists  of  two  bands  of  slates 
nd  limestones  more  or  less  impregnated  with  carbonaceous  matter,  separated  by 
ibout  1,000  feet  of  schistose  quartzites  and  garnetiferous  mica  schist.  These  last, 
rhich  have  been  described  as  "  Boileauganj  quartzites,"  most  probably  represent 
he  "Krol  quartzite"  of  Mr.  Medlicott — a  term  I  shall  discard  as  the  beds 
(escribed  under  it  appear  to  belong  to  the  carbonaceous  system  rather  than  to  the 
Crol  limestone. 

In  the  Simla  section  there  is  no  trace  of  volcanic  activity  if  we  except  some 

hornblende  schists  occupying  the  summits  of  Prospect  and 

oyal^oSl^'dSn.  '^'     J^'^o  ^i"s  at  Simla,  but  elsewhere,  in  Jubal  and  Bisahir,* 

volcanic  beds  are  everywhere  found  in  the  upper  part  of  the 
eries.  They  consist  of  ash  beds,  more  or  less  mixed  with  ordinary  sediment  of 
letrital  origin,  and  lava  flows ;  the  latter  have  not  been  examined  in  detail  but  appear 
3  be  for  the  most  part  basalts,  more  or  less  altered  by  subsequent  change,  frequent- 
y  amygdaloidal  but  as  often  exhibiting  no  indications  of  a  scoriaceous  structure. 
n  the  recorded  sections  they  are  always  interstratified  with  sediments  and  the 
shes  are  more  or  less  impure,  showing  that  they  were  formed  by  submarine  erup- 
lons,  though  the  actual  vents  may  in  some  or  all  cases  have  been  raised  above  the 
ea-level. 

It  may  be  noted  that  the  distinctness  of  these  volcanics  from  those  of  the  Jaons^r 
eries  is  marked  not  only  by  their  position  in  the  sequence,  but  by  the  much  more 
•asic  type  of  the  rocks  they  are  composed  of. 

The  different  sections  do  not  agree  as  to  the  position  of  the  volcanic  beds  in 
be  series.  At  Simla  the  homblendic  rocks  are  in  the  upper  carbonaceous  band, 
n  the  Sutlej  valley  they  appear  to  occur  both  above  and  below  as  well  as  interstrati- 
ed  with  white  quartzites  like  those  above  which  they  occur  on  the  Lambatach  ridge, 
n  the  Deora  valley  of  Jubal  their  position  is  doubtful  and  on  the  eastern  flank  of  the 
'hor  they  seem  to  occur  near  the  top  of  the  lower  carbonaceous  band.  The  general 
onclusion  that  may  be  arrived  at  is  that  the  volcanic  beds  do  not  belong  to  any 
xed  horizon  but  occur  with  greater  or  less  vertical  extent  throughout  the  upper 
art  of  the  Infra-Krol  series,  and  always,  so  far  as  is  known,  well  separated  from  the 
•oulder  slates  of  the  Blaini  group. 

*  See  Rec.  Geol.  Surv.  Ind.  X  p.  304  ei.  seq.,  XX,  p.  158. 

'  Rcc.  Geol.  Surv.   Ind.   XX,  159;  the  volcanic  beds  of  the  Sutlej  valley  described  by  Col 
IcMahon  also  belong  to  this  division.     Seo  Rec.  Geol.  Surv.  Ind.,  XIX,  6$,  ei  scq, 

F 
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Carbonaceous  series  of  the  Lambatdch  ridge.-^On  the  Lambatdch  ridge,  which 
rises  north  of  the  Tons,  immediately  above  its  junction  with  the  Pdbar,  and  in  the 
north  of  Jaonsdr-B^war  the  carbonaceous  series  assumes  a  peculiar  form.  In  the 
valley  of  the  Koti  gddh  (Kunjado  river)  there  is  a  series  of  coarse-grained  foliated 
arkose  rocks.  Owing  to  the  presence  of  large  fragments  of  orthoclase  and  to  the  sub- 
sequent foliation  of  the  rock  it  is  difficult  and  often  impossible  to  distinguish  a 
hand  specimen  from  some  forms  of  the  intrusive  gneissose  granite,  but  in  the  field 
there  is  little  difficulty  in  telling  the  two  rocks  apart,  not  only  does  the  arkose 
decompose  more  readily  than  the  granite,  but  on  looking  over  a  weathered  surface 
it  is  not  difficult  to  find  small  pebbles.  At  a  little  distance,  however,  the  huge 
rounded  masses  of  the  arkose  are  easily  mistaken  for  an  outcrop  of  granite. 

Above  this  coarse-grained  arkose  there  come  foliated  beds  containing  granules 
of  felspar,  which  pass  upwards  into  a  coarse-grained  felspathic  quartzite  or  grit 
full  of  small  granules  of  undecomposed  felspar.  In  this  rock  pebbles  and  boulders 
ranging  to  over  a  foot  in  diameter  occur,  not  heaped  together,  but  scattered  through 
the  matrix  of  grit.  The  whole  of  the  beds  up  to  this  are  characterized  by  containing 
numerous  granules  of  blue  quartz.  Above  the  conglomeratic  grits  come  fine  grained 
quartzites  which  extend  across  the  Tons  and  were  described  by  me  as  the  Bdwar 
quartzites  ;^  they  are  semi-transparent  where  undecomposed  but  weather  opaque 
white  and  ultimately  into  a  very  fine,  sharp,  white  sand,  owing  to  the  decomposi- 
tion of  the  felspathic  cement ;  above  these  come  volcanic  beds  and  above  them 
carbonaceous  slates  and  limestones. 

The  conglomeratic  grits  above  mentioned  are,  to  say  the  least,  not  incompatible 
with  a  glacial  origin ;  while  it  is  difficult  to  understand  how  either  gneiss  or  granite 
could  have  disintegrated  without  decomposition  of  its  constituent  minerals  except 
under  a  severe  climate.  This  combination  of  beds,  indicating  a  period  of  excep- 
tionally cold  climate,  overlaid  by  carbonaceous  slates  and  limestones  associated  with 
volcanic  beds  seems  to  join  these  beds  to  the  carbonaceous  series,  while,  as  an  ad- 
ditional proof,  schistose  beds,  characterized  by  the  presence  of  granules  of  blue 
quartz  are  largely  developed  in  connection  with  carbonaceous  slates  m  the  hills 
west  of  the  Pdbar  river. 

There  remains  for  consideration  a  group  or  series  of  beds  distinguished  by  me 

in  1883^  as  the  Mandhili  series  and  classed  as  distinct  from 

of  the  most  protean  character,  consisting  of  quartzites,  slates, 
limestones,  conglomerates  and  boulder  beds  in  most  variable  proportions  and  in. 
terstratified  in  the  most  extraordinary  manner ;  it  being  not  uncommon  to  find  slates 
or  even  limestone  interbedded  with  coarse  grits  or  conglomerates  This  variability 
appears  to  be  due  to  the  fact  that  it  has  been  deposited  in  close  proximity  to  land, 
and  always  contains  a  large  proportion  of  debris  derived  from  the  older  rocks  of 
the  neighbourhood.  Thus  in  Northern  Jaonsdr  and  Biwar,  where  it  rests  on  the 
Deoban  limestone  fragments  of  that  rock  are  extremely  abundant  in  it  and  there  are 
several  beds  of  a  conglomerate  composed  exclusively  of  rounded  boulders  of  the 
Deoban  limestone  imbedded  in  a  matrix  of  the  same  rock  in  a  finely  comminuted 

'  Rec.  Geol.  Surv.  Ind.,  XVI,  197. 
*  Rec.  Geol.  Surv.  Ind.,  XVI,  196. 
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form,  while  in  Southern  Jaons^r,  where  it  rests  on  the  quartzites  of  the  Jaonsdr  series 
the  group  consists  almost  entirely  of  coarse  quartzites  and  grits. 

But  the  great  characteristic  of  the  Mandhili  group  is  the  presence  of  boulder 
beds  of  the  same  type  as  that  of  the  Blaini  group.  So  great  indeed  is  the  similarity 
that  in  more  than  one  case  an  exposure  of  this  group  has  been  described  as  Blaini. 

In  Jaonsir  the  Mandh4li  group  appears  to  be  completely  isolated  and  the  rocks 
occurring  next  above  it  removed  by  denudation,'  but  on  the  eastern  flanks  of 
the  Chor  mountain  at  the  head  of  the  Minas  gadh  (Suinj  R.  of  Atlas  of  India)  and 
east  of  Chepil  in  the  Jubal  State  beds  shewing  the  same  characteristics  as  the 
Mandhdli  group  rest  unconformably  on  a  massive  limestone,  fragments  of  which  they 
contain.  The  limestone  is  similar  in  character  to  the  Deoban  limestone  of  Jaonsdr, 
with  which  it  is,  moreover,  continuous  at  the  surface ;  and  the  beds  overlying  it  may 
be  taken  to  represent  the  Mandhili  group  of  Jaonsdr.  But  these  last  underlie, 
apparently  with  perfect  conformity  black  carbonaceous  slates  which  again  underlie 
a  great  thickness  of  quartzites  and  schists  undistinguishable  from  the  Boileaugunj 
quartzites  of  Simla. 

This  section  would  seem  to  indicate  the  indentity  of  the  Blaini  and  Mandhdli 

beds,  a  conclusion  further  supported  by  the  peculiar  and 
Mlndhilt  ""^  ^^^'°'  *""*  exceptional  character  of  both  and  the  occurrence  of  recog- 
nizable Blaini  beds  both  east  and  west  of  Jaonsdr,  where, 
with  the  exception  of  the  Mandhali  beds  they  are  unrepresented.  If  we  take  the 
glacial  origin  of  the  two  as  proved,  this  in  itself  would  establish  the  contemporaneity 
of  the  two  groups  of  beds  which  outside  evidence  places  between  the  Deoban  and 
the  upper  part  of  the  carbonaceous  system.  The  only  indication  of  their  separa- 
tion lies  in  the  fact  that  when  examining  Jaonsdr  in  1882-83  I  separated  the  Man- 
dhalis  from  the  Bdwar  quartzites  which  are  here  classed  with  the  carbonaceous 
system.  But  the  separation  was  based  on  the  difEerence  in  disturbance  of  the  two 
groups,  a  difference  which  subsequent  experience  has  shewn  me  might  well  be 
due  to  the  superior  homogeneity  and  massiveness  of  the  Bawars. 

Ihe  Krol  system, — Above  the  beds  of  the  carbonaceous  series  there  is,  on  the 
Simla  section,  a  limestone  series  described  by  Mr.  Medlicott  as  the  Krol  limestone, 
owing  to  its  forming  the  upper  part  of  the  mountain  of  that  name  rising  over  the 
cart-road  to  Simla.  According  to  him  the  limestone  may  be  divided  into  an  upper 
and  a  lower  portion,  the  distinguishing  mark  being  a  greater  preponderance  of  shaly 
beds  in  the  lower  half,  though  a  perfect  transition  is  stated  to  occur  between  them. 

Like  the  Deoban  the  Krol  is  a  blue  limestone  with  frequent  concretionary 
masses  of  chert.  The  lithological  similarity  is  so  great  that  they  might  be  and 
have  been  taken  for  the  same  series,  but  the  superposition  of  the  one  and  infraposi- 
tion  of  the  other  to  the  carbonaceous  series  leaves  no  room  for  doubt  that  they  are 
distinct. 

The  Krol  limestone  extends  south  eastwards  from  the  Krol  mountain  to  the 
eastern  borders  of  Sirmur,  and  in  Jaonsdr  there  occurs  a  newer  limestone,  sometimes 
resting  directly  on  the  Deoban  sometimes  with  the  intervention  of  beds  of  the  Man- 
dhali group,  which  can  hardly  but  be  the  Krol. 

VRec.  Geo!.  Surv.  Ind.,  XVI,  196. 
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Mr.  Medlicott  regarded  this  limestone  as  conformable  to  the  underlying  beds, 
but  the  great  variations,  in  the  thickness  of  the  Krol  quartzite,  as  recorded  by  him, 
and  the  total  absence  of  the  great  thickness  of  quartzites  and  upper  group  of  car- 
bonaceous beds  seen  on  adjacent  sections,  point  very  strongly  to  an  unconformity. 
If  the  upper  limestone  of  Jaonsdr  is  Krol,  and  it  can  hardly  be  anything  else,  the 
unconformity  is  unquestionable  for  the  whole  thickness  of  the  carbonaceous  series 
is  there  wanting. 

As  yet  neither  upper  nor  lower  members  of  this  group  have  been  determined, 
though  it  is  hardly  credible  that  the  whole  sequence  should  consist  of  only  a  few 
hundred  feet  of  limestone  with  shales  towards  the  base. 

Such  is  the  sequence  in  the  Simla  Himalayas  as  far  as  it  has  at  present 
been  determined,  and  throughout  this  vast  thickness  of  rocks  not  a  single  fossil 

has  been  found,  if  we  except  the  peculiar  orgnnlc-look- 
^A  sequence  of  marine     jj^g  structures  found  in  the  Deoban  limestone,  yet  there 

can  be  little  room  for  doubting  that  they  are  principally  if 
not  entirely  of  marine  origin.  The  hypothesis  that  they  may  be  of  fresh  water  ori- 
gin has  been  proposed  to  account  for  the  absence  of  fossils,  but  it  has  never  been 
strenuously  upheld  and  appears  to  be  inconsistent  with  the  vast  thickness  of  some 
of  the  systems  or  with  their  uniformity  over  an  area  much  larger  than  that  described 
as  the  Simla  region  of  the  Himalayas. 

Only  two  attempts  have  been  made  to  conelate  the  rocks  of  other  parts  of  the 
Himalayas  with  those  of  the  Simla  region,  one  by  Dr.  Stoliczka  in  1865,  and  the 
other  by  Mr.  Lydekker  in  1883  ;  but  since  both  were  ignorant  of  any  more  extended 
sequence  than  that  contained  in  Mr.  Medlicott's  memoir,  it  is  not  necessary  to  refer 
to  them  in  detail. 

As  no  fossils  have  been  found  in  any  of  the  rocks  of  the  Simla  region,  it  will  be 
Correlation  depend-  neccssary  to  depend  on  the  physical  characters  of  some  of 
cnt  on  physical  char-  the  groups.  Their  mere  lithological  similarity  is  well  known 
*^'^^^*  to  be  valueless  for  the  identification  of  rock  groups  unless 

applied  within  a  very  limited  area  and  over  very  short  gaps.  A  sequence  of  groups 
each  shewing  certain  lithological  characters  is  more  important,  and  where  a  similar 
sequence  of  similar  rocks  is  found  greater  weight  attaches  to  it  than  to  the  mere 
lithological  similarities  of  single  groups.  But  even  this  would  fail  when  applied 
over  such  distances  as  we  have  to  deal  with. 

The  reason  for  this  is  easy  to  find,  and  lies  in  the  fact  that  conglomerates,  sand- 
stones, shales,  limestones,  and  any  gradation  between  them  have  been  forming  at 
every  period  of  the  earth's  history,  since  it  cooled  down  sufficiently  to  allow  of  life, 
and  that  the  formation  of  any  particular  variety  of  deposit  at  any  particular  place 
and  time  depends  on  the  accidents  of  current,  depth,  and  distance  from  shore. 
But  the  same  objection  does  not  apply  to  those  characters  which  are  the  result  of 
causes  which  act  intermittently  at  long-separated  periods  and  independently  of  the 
accidents  which  control  the  nature  of  ordinary  sediments. 

Prominent  among  such  would  be  the  traces  of  a  glacial  period  which  we  might 
expect  to  find  wherever  sediment  was  being  formed  on  the  sea  bottom. 

Of  less  value  would  be  the  occurrence  of  beds  of  volcanic  origin,  for  though 
seldom  if  ever  confined  to  a  single  locality,  volcanic  energy  generally  begins  slowly. 
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lasts  long  and  is  apt  to  recur  in  localities  not  far  separated  from  each  other  at  inter- 
vals which,  geologically,  are  not  of  great  duration. 

Of  similar  nature  may  be  the  peculiar  impregnation  with  carbonaceous  matter 
seen  among  the  shales  of  the  carbonaceous  series,  for  in  other  parts  of  the  Hima- 
layas similar  beds  are  found  and  everywhere,  so  far  as  is  known,  confined  to  a 
single  group  in  the  sequence. 

Among  the  many  systems  in  the  sequence  of  the  Simla-Himalayas,  the  carbo- 

^    ^  ,  naceous  system  exhibits  all  three  of  the  special  peculiarities 

Carbonaceous  system.  ,     ,  j  , 

noted  above  and  we  may  consequently  expect  to  recognize 
it  with  comparative  certainty  in  other  regions  where  it  may  exist.  Among  these 
^hat  which  most  naturally  comes  first  is  the  Kashmir  area  where  the  rocks  more 
^arly  approach  those  of  the  Simla  region  in  character  than  do  those  of  the  Central 
[imalayas. 

In  the  Cashmere  region  Mr.  Lydekker^  divided  the  sequence  of  pre-tertiary  rocks 
:snto  three  systems  : — 

3. — The  Zilnsk^r  system. 

2. — ^The  PanjAl  system. 

X. — The  Metamorphic  system, 

TTiese  three  systems  are  described  as  not  only  conformable  in  themselves  but  are 
spoken  of  as  conformable  to  each  other;  the  metamorphic  system  is  regarded 
^s  palaeozoic  (Cambrian)  while  the  newest  beds  of  the  Panjdl  system  are  Creta- 
ceous. Such  an  enormous  conformable  sequence  of  rocks,  stretching  from  early 
palaeozoic  to  latest  secondary  times,  is  not  only  in  itself  unusual  but  is  directly 
contrary  to  what  we  find  to  be  the  case  in  other  parts  of  the  Himalayas ;  and 
it  becomes  necessary,  in  consequence^  to  enquire  into  the  grounds  it  is  based 
upon. 

The  metamorphic  system  is  regarded  as  composed  of  gneiss  of  two  distinct  ages, 
one  archaean,  the  other  composed  of  metamorphosed  beds  of^Panjdl  age.  This  is 
not  in  itself  impossible,  for,  though  the  general  tendency  of  modern  geologists  is  to 
regard  a  gneiss  series  as  necessarily  older  than  a  slate  series,  it  is  by  no  means 
proved  that  slates  are  never  metamorphosed  into  gneiss.  But  the  facts  detailed  by 
Mr.  Lydekker  do  not  necessitate  this  conclusion  ;  he  confessedly  does  not  distin- 
guish between  the  true  central  gneiss  and  the  gneissose  granite,  both  are  indicated  Sy 
the  same  colour  on  the  map  and  described  together  in  the  same  chapter  without 
being  specifically  distinguished,'  and  what  he  has  described  as  partial  metamor- 
phism  of  the  Panj&l  rocks  into  gneiss  seems  to  be  more  properly  described  as 
intrusions  of  gneissose  granite  in  the  Panj&l  slates.  The  error  is  one  which,  owing  to 
the  tendency  of  the  granite  to  be  intruded  in  sheets  parallel  with  the  bedding  and 
the  highly  foliated  structure  it  usually  assumes  under  those  circumstances,  has  been 
fallen  into  by  more  than  one  observer  previous  to  Mr.  Lydekker. 

The  Panj41  system  is  used  as  a  generic  term  for  "  all  the  rocks  below  the  Ruling 
*«p    'A\     St      »'        series,  and  above  the  metamorphics."    As  might  be  expect- 
ed from  this  comprehensive  definition,  the  different  sections 

^  Mem.  Geol.  Surv.  Ind.,  XXII,  (1883). 
'  Mem.  Geol.  Surv.  Ind.,  XXII,  chap.  IX. 
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described  vary  widely  among  themselves.  What  maj  be  called  the  type  section, 
that  across  the  Pir  Panjkl  range  is  described  as  consisting  of-* 

I.  Greenish  slates  and  sandstones  with  amygdaloidal  traps. 
a.  Black  and  green  slates  with  thick  beds  of  conglomerate,  containing 
pebbles  of  qnartaite  and  slate. 

3.  Whitish  quartzites  and  sandstones. 

4.  Black  schisty  ilates  with  pebbles  of  gneiss  and  qoarisite.' 

It  is  further  stated  that  ^  the  resemblance  of  some  of  the  rocks  of  No.  2  to  the 
lower  division  of  the  Blaini  series,  both  petrologically  and  stradgraphically,  cannot 
fail  to  be  noticed:**^ 

The  volcanic  beds  No.  i  are  largely  developed  in  Kashmir  and  Mr.  Lydekker 

is  probably  right  for  the  most  part  in  classing  them  all  of 
*^     *^  one  au:e.    The  occurrence  of  volcanic  beds  at  two  distinct 

horizons  in  the  Simla  region  does  not  necessitate  both  of  them  being  represented  in 
Kashmir,  and  the  only  indication  of  two  distinct  volcanic  series  that  I  can  find  is 
in  the  description  of  the  section  on  the  road  from  Kashmir  to  the  Kishenganga 
valley  over  the  Tutmdri  pass  where  the  volcanics  are  said  to  occur  at  a  lower  horizon 
than  in  the  Kashmir  valley.* 

In  the  neighbourhood  (rf  the  Kashmir  valley  there  is  a  perfect  conformity 
between  these  traps  of  the  ''  Panjal  sjrstem  *'  and  the  overlying  Kuling  series  at  the 
base  of  the  ''  Zanskir  S}-stem,'*  or  to  speak  more  correctly,  the  volcanic  outbursts 
continued  well  into  the  Kuling  period.^ 

The  rocks  of  the  Kuling  series  consist  of  limestone  quartzite  and  shale  or  slate, 

.  the  former  appears  to  be  more  abundant  in  the  Kashmir 

valley  than  elsewhere,  while  the  latter  is  often  impregnated 

with  carbonaceous  matter  like  the  slates  of  the  carbonaceous  series  in  the  Simla 

region.     It  has  yielded  a  series  of  fossils,  limited  in  number,  but  still  enough  to  fix 

ils  homotaxis  with  the  lower  Carboniferous  rocks  of  Europe. 

The  conformity  between  the  Kuling  and  supra-Kuling  series  appears  to  have  been 

assumed  rather  than  proved  ;  indeed,  Mr.  Lydekker's  descrip- 
ty  ^'^^i'tUK^^^^^  ^»o^  ^^  several  passages  which  point  to  the  opposite  conclu- 

sion. The  supra-Kuling  beds  are  described  as  resting,  at  more 
thatn  one  point  directly  on  the  Panjal  traps  without  the  intervention  of  the  Kuling  beds, 
but  in  respect  to  this  he  says  that  wherever  it  occurs  he  has  concluded  that  "  the  Kuling 
series  has  been  included  in  the  trappean  rocks  and  cannot  consequently  be  recognised 
as  a  distinct  formation.'**  But  it  is  equally  open  to  conclude  that  it  indicates  an  uncon- 
formity, and  this  conclusion  is  supported  by  the  fact  that  both  in  Spiii  and  in  Hundes 
an  uncomformable  break  occurs  between  the  Carboniferous  and  Triassic  beds. 

The  supra-Kuling  beds  of  Kashmir  appear  to  consist  almost  entirely  of  massive 

-,  ,.  limestone  and  dolomite  which  have  yielded  some  fossils. 

Sapra-Kuling.  r      ^i_  r  1  , 

tor  the  most  part,  unfortunately  undeterminable  specificially 

*  Mem.  Oeol.  Surv.  Ind.,  XXII,  216. 

*  Similar  beds  occur  in  an  analogous  position  below  the  volcanic  beds  in  the  Sind  valley 

and  on  the  slopes  of  the  H<5ksar  range  east  of  the  Kashmir  valley. 

*  Mem*  Geol.  Surv.  Ind.,  XXII,   225. 
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bat  indicating  the  triassic  age  of  the  lower  portion  of  the  series.  It  is  very 
probable  that  on  more  detailed  examination  this  series  will  have  to  be  split  up  into 
more  than  one  and  will  certainly  be  sub-divided  into  groups. 

With  the  third  sub-division,  or  Chikkim  series,  which  is  represented  only  by  a 
couple  of  isolated  patches,  we  have  no  present  concern. 

From  the  above  it  appears  that  Mr.  Lydekker's  division  of  the  beds  above  the 
gneiss,  into  two  systems,  is  not  a  natural  one  and  it  is  extremely  probable  that  a 
more  detailed  examination  of  the  country  will  result  in  an  amplification  of  the 
sequence  similar  to  that  which  has  taken  place  in  the  Simla- Himalayas. 

One  point,  however,  seems  clear,  that  there  is  in  the  Kashmir  area  a  conform- 
able series  of  beds  charactized  by  the  occurrence  of:   (i) 
rcpr^ted?''"^  ^^**^"     boulder-bearing  slates  of  non-volcanic  origin,  (2)  at  a  higher 

horizon  copious  indications  of  contemporaneous  volcanic 
activity,  and  (3)  the  occurrence  of  beds  remarkable  for  the  prevalence  of  carbona- 
c:eous  matter.  The  similarity  between  the  boulder  slates  and  those  of  the  Blaini  group 
sn  the  Simla-Himalayas  has  been  especially  remarked,  and  similar  beds  are  found 
in  the  intermediate  country  of  Chamba ;  while  the  resemblance  between  the  vol- 
<:anics  of  Cashmere,  of  Chamba,  and  of  the  Sutlej  valley,  the  last  of  which  belongs  to 
^he  carbonaceous  series,  has  been  remarked  upon  by  Colonel  McMahon.^ 

These  coincidences  can  hardly  be  all  of  them  fortuitous  and  the  conviction 
-naturally  forces  itself  upon  one  that  the  series  of  rocks  referred  to  above  is  the  equi- 
valent of  the   carbonaceous  series  in  the  Simla-Himalayas;  and  the  conclusion 
becomes  irresistable  when  we  compare  the  latter  with  the  Ruling  series  in  Spiti. 

The  series  of  rocks  named  Ruling  by  Dr.  Stoliczka^  is  exposed  in  the  only 
„   .  f  c  •  •        localities  that  have  been  visited  as  yet,  at  the  bottom  of  a 

valley :  the  whole  thickness  is  not  seen  and  they  are  more- 
over very  much  disturbed.  The  beds,  however,  consist  of  quartzites  and  black 
carbonaceous  slates  similar  to  those  of  the  carbonaceous  series,  and  at  two  spots 
in  the  Spiti  valley  pebble-bearing  slates,  precisely  similar  to  those  of  the  Blaini 
group  have  been  found,  one  of  these  being  certainly  among  the  Ruling  beds.  No 
beds  of  volcanic  origin  have  been  found  but  this  may  only  be  due  to  the  imperfect 
exposure  of  the  section. 

Here,  again,  the  coincidences  can  hardly  be  entirely  fortuitous  and  we  are 
justified  in  accepting  Dr.  StoHczka's  identification  of  these  beds  with  the  carbona- 
ceous, or  as  they  were  then  styled  Infra-Rrol,  beds  of  the  Simla  area.  In  a  similar  man- 
ner the  Ruling  beds  of  Spiti  and  Rashmir  might  be  safely  correlated  on  the  ground 
of  their  physical  characters  alone ;  but  in  this  case  we  have  the  confirmatory  evi- 
dence of  fossils,  four  out  of  the  seven  species  found  in  Spiti  having  also  been  found 
in  the  Ruling  group  in  Rashmir.' 

'  McMahon.    Rec.  Geol.  Surv.  Ind.,  XVIII.,  97,  98,  and  XIX,  68. 

'  Mem.  Geol.  Surv.  Ind.,  V,  pt.  i. 

'  The  three  localities  mentioned  in  the  text  probably  do  not  by  any  means  indicate 
the  lioiits  of  the  area  over  which  the  carbonaceous  system  maintans  its  uniformity.  In  the 
neighbourhoed  of  Naini  Tal  carbonaceous  slates,  conglomeratic  slates  and  volcanic  beds,  are 
developed  largely,  and  will  probably  prove  to  belong  to  a  single  system  when  fully  exam- 
ined. 
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Having  established  the  presence  of  beds  belonging  to  the  carbonaceous  S3rstem  in 

Kashmir  and  Spiti,  we  may  now  proceed  to  the  consideration 

bo"°cTouTsys^lm.^  ""*''     °^  ^^  homotaxis  indicated  by  the  fossils  that  have  been 

found  in  these  districts. 

The  fauna^  comprises  46  species  in  all,  of  which  1 7  are  also  found  in  the  lower 
Carboniferous  of  Europe,  12  in  the  marine  Carboniferous  beds  of  Australia,  and  16 
Classed  as  lower  Car-  ^'^  ^^^  Productus  limestone  of  the  Salt-Range.  From  the 
boniferous,  but  probably  above  it  has  been  concluded  that  the  genaral  homotaxis  is 
"®^®''  with  the  lower  Carboniferous  beds  of  Europe ;   but  there  are 

good  reasons  for  considering  the  beds  as  newer  than  this. 

In  the  first  place  the  relationship  of  the  fauna  to  that  of  the  Productus  limestone 
is  close  though  not  sufficient  to  establish  contemporaneity  considering  the  small 
intervening  distance ;  moreover,  the  identities  being  among  the  more  characteris- 
tically palaeozoic  forms  of  the  Productus  limestone  fauna  is  compatible  with  an 
earlier  date  of  formation.  On  the  other  hand,  the  Productus  limestone  of  the  Salt- 
Range  is,  like  the  Ruling  group  of  Kashmir,  underlaid  by  a  conformable  sequence 
of  beds  at  the  base  of  which  occur  boulder  shales  of  generally  acknowledged  glacial 
origin.  These  doubtless  are  the  equivalents  of  the  boulder-bearing  slates  of 
Kashmir  and  Simla  and  of  contemporaneous  origin  with  the  latter.  In  view  of 
this,  and  of  the  known  variations  in  the  marine  fauna  of  neighbouring  localities 
due  to  variations  of  environment,  I  think  far  greater  weight  should  be  attached  to  the 
similarity  than  to  the  differences  between  the  two  faunas  and  they  may  conse- 
quently be  regarded  as  homotaxial,  if  not  of  contemporaneous  origin.  In  this  case 
the  age  should  be  determined  by  the  more  extensive  fauna,  that  of  the  Productus 
limestone,  which  has  been  regarded  by  Dr.  Waagen  as  of  Permian  age,  a  date  which, 
in  view  of  the  presence  of  so  typically  mesozoic  forms  as  Ammonites,  we  may  safely 
regard  as  the  oldest  admissible  date. 

Further  evidence  pointing  to  the  same  conclusion  is  the  occurrence  in  the  glacial 
beds  below  the  Productus  limestone  of  fossiliferous  pebbles^  of  derivative  origin 
which  have  yielded  a  limited  fauna  closely  allied,  so  far  as  it  goes  to  that  of  the 
marine  Carboniferous  beds  of  Australia.  There  can  be  little  doubt  that  the  beds, 
from  which  these  fossiliferous  pebbles  are  derived,  are  the  equivalent  of  the  Talchir 
group  in  the  Peninsular  area,  and  I  have  elesewhere  given  my  reasons  for  regarding 
the  latter  as  the  equivalent  of  the  marine  Carboniferous  beds  of  Australia,  and  not 
as  the  Salt  Range  pebbles  would  indicate  of  later  age.  The  Tdlchirs,  I  need  hardly 
add,  are  now  generally  regarded  as  of  uppermost  palaeozoic,  probably  Permian 
age. 

From  the  above  it  will  be  seen  that  the  fauna  of  the  Ruling  group  can  be  made 
to  indicate  a  homotaxis  anywhere  between  the  lower  Carboniferous  and  Permian 
horizons  of  Europe.  This  is  a  good  instance  of  the  limits  of  error  necessarily 
attaching  to  the  palseontological  method  when  applied  over  long  distances ;  but 
enables  us  to  arrive  at  the  conclusion  that  the  carbonaceous  system  of  the  Hima- 

'  See  Lydekker.     Mem,  Gcol.  Surv.  Ind.,  XXII,  158. 

'  The  strictly  pebbly  condition  is  open  to  question,  see  R.  G.  S.  of  I.,  XX,  118,  and  Dr. 
Wttagen's  Essay  on  *' The  Carboniferous  Glacial  Period,"  in  present  number,  p.  118,  which 
should  be  read  in  connection  with  the  whole  of  this  paragraph.— £</. 
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lyas  was  deposited  during  the  latter  end  of  the  palaeozoic  period,  and  corresponds  to 
art,  if  not  the  whole,  of  the  Carboniferous  and  Permian  eras. 

The  only  other  system  which  I  can  correlate  with  any  degree  of  certainty  is  the 
_,,     T       ii       t  Jaonsdr  system,  the  lower  group  of  which  is  probably  re- 

presented by  the  middle  division  of  the  Babeh  series  of  Dr. 
toliczka.     The  lithological  resemblance  of  the  groups  is  most  striking  and  though 

0  volcanic  beds  are  seen  in  the  Babeh  pass  section  they  are  described  by  Dr. 
toliczka  as  occurring  in  Lower  Spiti. 

In  the  Peninsular  area  it  may  be  represented  by  the  Vindhyan  system,  the  rocks 
.    ,         „.   „  of  which  would,  if  more  indurated  and  disturbed,  resemble 

quivalent  to  Vindhyan.      ^,  r.iT  a  ^  k    c     .%.  r»j 

^  •'         those  of  the  Jaonsar  system.    A  further  piece  of  evidence 

lOugh  not  at  present  of  great  value,  is  the  occurrence  of  beds  of  possibly  glacial 
rigin  at  the  base  of  the  Jaonsdr  system  and  the  occurrence  of  beds  containing 
irge  boulders  imbedded  in  a  fine-grained  matrix  among  the  Vindhyan  beds  east  of 
le  Aravalis,  and  the  occurrence  'of  similar  beds  at  the  base  of  a  series  of  rocks, 
ccurring  west  of  the  Aravalis,  which  have  been,  with  little  or  no  hesitation,  classed 
s  Vindhyan  by  every  observer  who  has  examined  them. 

This  correlation  would  give  the  Jaonsdr  and  Vindhyan  systems  an  age  corre- 
sponding at  the  latest  to  part  of  the  Silurian  system  of  Eu- 
ge.  rope, — a  correlation,  so  far  as  the  Vindhyans  are  concerned, 

1  accordance  with  that  adopted  by  the  authors  of  the  Manual,  though  at  variance 
rith  that  suggested  by  Mr.  Griesbach.^  This  latter,  however,  is  even  more  conjec- 
aral  in  its  basis  than  that  which  I  have  offered,  and,  moreover,  does  not  appear  to 
How  sufficient  time  for  the  enormous  unconformity  between  the  Vindhyans  and  the 
jondwanas  of  the  Peninsula. 

As  regards  the  remaining  systems  of  the  Lower  Himalayan  sequence,  it  is  im- 
possible to  do  more  than  guess  at  their  ages.     The  central 
er  sys  ems.  gneiss  is  presumably  of  "Archaean"  age,  for  the  Deoban 

imestone  I  can  find  no  equivalent  among  the  fossiliferous  beds  of  the  Central 
limalayas,  while  the  Krol  limestone  is  probably  represented  by  part,  which  part 
annot  be  determined,  of  the  limestones  which  extend  from  Lower  Trias  to  Lias  in 
Ipiti  and  Kashmir. 

The  general  conclusion  we  may  arrive  at  is  that  throughout  the  whole  of  the 

Palaeozoic  and  Mesozoic  periods  the  area  under  considera- 
conc  usions,       ^.^^  ^^  ^^^^  alternately  land  and  sea,  and  that  throughout 

bis  long  period  there  appears  to  have  been  but  little  disturbance  of  the  beds,  in 
onsequence  of  which  there  is  a  general  parallelism  of  dip  and  unconformity  can, 
s  a  rule,  only  be  determined  by  overlap. 

»  Rec.  Geol.  Surv.  Ind.,  XIII,  88. 
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ADDITIONS  TO  THE  MUSEUM. 
From  ist  April  to  30TH  Junb  1888. 

Three  specimens  of  gypsum  :  found  in  digging  a  well  at  Chadi,  north-west  of  Jodhpur 

pargannah. 

Presented  by  Major  W.  Loch,  Settlement  Officer,  Marwar. 

Twenty  specimens  of  rock  salt :  from  Che  Mayo  Mines,  Salt  Range. 

Presented  by  Mrs.  W.  Kino. 
A  specimen  of  wolframite :  (said  to  be  from  Hazaribagh  District). 

Presented  by  J.  C.  M.  Forbes,  Calcutta. 
Three  specimens  of  }aterite,  and  i  of  slate:  from  the  Kharakpur  Hills^  Durbhunga  Raj. 

Presented  by  T.  M.  Francis,  Durbhanga. 
Seventeen  fossils  (mammalian,  shells,  &c.)  r  found  on  a  hiH  above  the  village  of  Khyrabad 
in  the  Salt  Range ;  and  a  specimen  of  fossil  wood  found  embedded  in  the  sandstone 
rock  near  the  village  of  Shivaki  in  the  Kohat  District. 

Presented  by  P.  P.  Dease,  Executive  Engineer,  Mari. 
Specimen  of  coke  made  from  Karharbali  coal  in  the-  Welsh  coke  oven. 

Presented  by  Dr.  W.  Saisb,  Karharbari. 
Peat  found  at  the  bottom  of  a  Railway  well  at  Dattapookar. 

Presented  by  A.  T.  Kelson,  Bengal  Central  Railway  Agent's  Office. 

Samples  of  pig  iron,  Nos.  i  to  5,  from  the  Government  Iron  Works  at  Barakar. 

Presented  by  C.  Ritter  von  Schwarz,  Superintendent, 

Government  Iron  Works,  Barakar. 


ADDITIONS  TO  THE  LIBRARV. 

From  ist  April  Ta  30TU  June  1888. 

TilUs  of  Books.  Donors^ 

B^onn's  Klassen  und  Ordnungen  des  Thier-Reichs.    Band  I,  Protozoa,  lief.  42-46.  '  8** 

Leipzig,  1888. 
Calvert,  y, — Vazeeri  Rupi,  the  silver  country  of  the  Vazeers  in  Kulu :  its  beauties, 

antiquities  and  silver  mines.     Including  a  trip  over  the  Lower  Hima- 

layah  range  and  glaciers.    8°  London,  1873. 
Classen,  Alexander. — Quantitative  Chemical    Analysis  by   Electrolysis.    Authorized 

translation  from  the  second  revised  and  enlarged  German  edition  by 

William  Hale  Herrick.    8°  Kew  York,  1887. 
Encyclopaedia  Britannica.    gth  edition.    Vol.  XXIII.    4®  Edinburgh,  1888. 
Fletcher,  Zi.— On  a  meteoric  iron  (containing  crystallised  chromite)  found  about  the 

year  1880  in  Greenbrier  county,  West  Virginia,  U.  S,  A.    8°  Pam. 
London,  1887.  The  Author. 

M  On  a  meteoric  iron  seen* to  fall  in  the  district  of  Nejed,  Central  Arabia, 

in  the  year  1863.    8"  Pam.    London,  1887.  The  Author 

,»  On  crystals  of  cuprite  and  cerussite  resulting  from  the  slow  alteration  of 

buried  coins.    8**  Pam.  1887.  The    ^UTU0R. 
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Titles  of  Books*  Doners, 

Fletcher^  L.-^Otx  the  crystalline  form  of  creatine.    8^  Pam.  London,  1887. 

The  Author. 
Flight,  Walter. — A  chapter  in  the  history  of  Meteorites.    8°  London,  1887. 
GoLDSCHMiDT,  Victor. — Ucber   Projection  und    Graphische    Krystallberechnung.    8^ 

Pam.  Berlin,  1888.  Heidelberg  University. 

Harris,  George  F. — Granites  and  our  granite  industries.    8^  London,  1888. 
Jordan,  James  B, — Elementary  CrystaHography.      Revised  edition.    (3  copies),    i^ 

London,  1873. 
Koch,  Max. — Untersuchungen  uber  den  Kersantit  von  Michaelstdn.    8°  Pam.  Berfin, 

1886.  Heidelberg  Universitt. 

Lepsius,  Richard, — Ueber  Roth  und  Muschelkalk  in  den  Sud-Alpen.  8°  Pam.  Strassbnig, 

1876.  Heidelberg  Universitt. 

Lock,  Alfred  G, — Gold :  its  occurrence  and  extraction.    8*  London,  1882. 
MARO£RiE,\£mm.  de^  and  Heim,  Albert. — Les  dislocations  de  V  dcorce  terrestre.    Essai 

de  definition  et  de  nomenclature.    In  French  and  German.    8^  Zurich, 

1888.  The  Authors. 

McMahon,  €•  A, — Papers  on  Himalayan  Geology  and  Microscc^c  Petrology.    8* 

Calcutta,  1877-1887.  The  Author. 

Michael,  Albert  Z7.— British  Oribatidae.    Vol.  H.  (Ray  Soc).    8*  London,  1888. 
Mojsisovics,  E.v,  and  Neumayr,  M. — Beitrage  zur  Palaontologie  '*  Osterreich-Un- 

garns  und  des  Orients.    Band  VI,  heft  3.    4^  Wien,  1888. 
MooRE,  Frederic* — Descriptions  of  new  Indian  Lepidopterous  Insects  from  the  coQectioa 

of  the  late  Mr.  W.  S.  Atkinson.    Part  III.    4**  Calcutta,  i888. 

Asiatic  Society  op  Bengal. 
OsANN,  i4.— Beitrag  zur  Kenntniss  der  Labradorporphyre  der  Vogesen.    8*  Pam.  Strass- 

burg,  1887.  Heidelberg  University. 

Palaontologie  Fran^aise.     i"*  s^rie,  Animaux  Invert^br^  tocftne  ^chinides,  fivr.  13 : 

Crinoides,  Uvr.  86.    8"  Paris,  1888. 
Phillips,  J.  Arthur, — A  treatise  on  Ore  Deposits.    8®  London,  1884. 
Prestwich,  Joseph. — Geology,  chemical,   physical,  and  stratigraphical.     Vol.  II.    8* 

Oxford,  1888. 
Rutley,  Frank, — Mineralogy.    3rd  edition.     i2mo,  London,  1887. 
Try  ON,  George    W, — Manual   of  Conchology,  structural   and   systematic.      Series  1, 

parts  36  a  and  b :  Series  II,  pt  12.    8°  Philadelphia,  1887. 


PERIODICALS,  SERIALS,  &c. 

American  Journal  of  Science.    3rd  series,  Vol.  XXXV,  Nos.  207-109.     8*  New  Haven, 

1888.  The  Editors. 

American  Naturalist.    Vol.  XXI,  Nos.  11-12,  and  XXII,  Nos.  253-255.    8'  Philadelphia, 

1887-1888. 
Annalen  der  Physik  und  Chemie.    Neue  Folge,  Band  XXXIII,  No.  4,  and  XXXIV, 

heft  1-2.    8**  Leipzig,  1888. 
Annales  des  Sciences  Naturelles.  Botanique.    7"*  s^rie.  Tome  VI,  Nos.  3-6  and  Tome 

VII,  No.  I.    8.**  Paris,  1887-1888. 
Annales  des  Sciences  Naturelles.    Zoologic  et   PaI6ontoIogie.    7"^  s^rie,    Tome  IV, 

Nos.  1-6.    8°  Paris,  1887. 
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Annals  and  Magazine  of  Natural  History.    6th  series,  Vol.  I,  Nos.  4*6.    8*^  London, 

1888. 
Archiv  fur  Natufgeschichte.    Jahrg.  Lll,  Band  II,  heft  i.    8®  Berlin,  1886. 

Athenaeum.    Nos.  3151*3163.    4**  London,  1 888. 

Bdbiattcr  xu  den  Annalen  der  Physik  und  Chemie.    Band  XII,  Nos.  3-5.    8^  Leipiig, 

1888. 

Chemical  News.    Vol.  LVII,  Nos.  1477-1489.    4"  London,  1888. 

Colliery  Guardian.    Vol.  LV,  Nos.  1420- 1432.    Fol.  London,  1888. 

Geographische  Abhandlungen.    Band  III,  heft  i.    8"  Wien,  1888. 

Geological  Magazine.    New  series.  Decade  III,  Vol.  V,  Nos.  4-6.    8*  London,  1888. 

Indian  Engineering.    Vol.  Ill,  Nos.  14-26.    Flsc.     Calcutta,  1888.         \        P.  Doylb. 

Iron.    Vol.  XXXI,  Nos,  792-804.    Fol.  London,  1888. 

Journal  de  Conchyliologie.   s"*  sdrie.  Tome  XXVII,  No.  4  and  XXVtiI,  No.  I.    8" 

Paris,  1887-1888. 
London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.    5th 

series.  Vol.  XXV,  Nos.  155-157.    8°  London,  1888. 
Mining  Journal.    Vol.  LVIII,  Nos.  2742-2754.    Fol.  London,  i888. 
Naturae  Novitates.    Jahrg.  X,  Nos.  6-11.    8**  Berlin,  1888. 
Nature.    Vol.  XXXVII,  Nos.  959-971.    4°  London,  1888. 
Neues  Jahrbuch  fur  Mineralogie,  Geologic  und  Palaeontologie.    Jahrg.  i888.  Band  I, 

heft  3.    8°  Stuttgart,  1888. 
Palaeontographica.    Band  XXXIV,  lief.  2-4.    4"*  Stuttgart,  i888. 
Palasontologische  Abhandlungen.    Band  IV,  heft  I.    4°  Berlin,  1887. 
Petermann's  Geographische  Mittheilungen.     Band  XXXIV,  Nos.  3-6.    4°  Gotha,  1888. 

„  „  Supplement  No.  89.    4"*  Gotha,  1888. 

Quarterly  Journal  of  Microscopical  Science.    New  series.    Vol.  XXVIII,  pt.  4.      8* 

London,  1888. 
The  Indian  Engineer.    New  series.    Vol.  V,  Nos.  l-ii.   Flsc.    Calcutta,  1888. 

Nbwm AN  &  Co. 

Zeitschrift  fiir  Naturwissenschaften.    Folge  4,  Band  VI,  heft  6,  and  Folge  5,  Band  VI  It 

heft  I.    8"*  Halle,  1887-1888. 


GOVERNMENT  SELECTIONS,  REPORTS,  &c. 

Bengal.— Quarterly  Bengal  Army  List    New  series.  No.  104.    8**  Calcutta,  1888. 

Government  of  India. 

Bombay.— Administration  report  of  the  Marine  Survey  of  India  for    1887-88.    Flsc. 

Bombay,  1888.  Marine  Survey. 

M  Magnetical  and  Meteorological  Observations  made  at  the  Government  Ob- 

servatory, Bombay,  in  1886.    4'  Bombay,  1888. 

Bombay  Government. 

„  Selections  from  the  Records  of  the  Bombay  Government.    New  series,  Nos. 

204  and  215.    Flsc,  Bombay,  1888.  Bombay  Government. 

Hyderabad. — Report  on  the  administration  of  the  Hyderabad  Assigned  Districts  for 

1886-87.    Flsc,  Hyderabad,  1888.  The  Resident,  Hyderabad. 

India.— Administration  report  on  the  Railways  in  India  for  1887-88.    Part  I.     Flsc. 

Simla,  i888.  Government  op  India. 
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India.— Charts  of  the  Arabian  Sea  and  the  adjacent  portion  of  the  North  Indian 

Ocean,  showing  the  mean  pressure,  winds,  and  currents  in  each  month 

of  the  year.    Fol.    Calcutta,  1 888. 

Meteorological  Department,  India. 

„        Meteorological  observations  recorded  at  seven  stations  in  India  in  1887,  correct- 

ed  and  reduced.    December  1887.    4®  Calcutta,  1888. 

Meteorological  Department,  India. 

„         List  of  Civil  Ofllicers  holding  gazetted  appointments  under  the  Government  of 

India  in  the  Home,  Legislative,  Foreign,  and  Revenue  and  Agricul- 
tural Departments,  &c.,  corrected  to  ist  January  1888.  8"  Calcutta, 
1888.  Government  op  India. 

„        Selections  from  the  Records  of  the  Government  of  India,  Foreign  Department 

No.  241.    Fisc.  Calcutta,  1888.  Goverkmemt  of  India. 


TRANSACTIONS,  PROCEEDINGS,  &c.,  of  SOCIETIES,  SURVEYS,  &c. 

Albany. — Annual  reports  of  the  New  York  State  Museum  of  Natural  History.    Nos. 

36-39.    8^  Albany,  1884-1886.  New  York  State  MusEtJir. 

„  Bulletin  of  the  New  York  State  Museum  of  Natural  History.    Vol.  I,  Nos. 

2-3.    8"  Albany,  1 887- 1 888.  The  Museum. 

Ballarat.— Annual  report  of  the  Ballarat  School  of  Mines,  Industries  and  Science,  1887. 

S''  Ballarat,  1888.  Ballarat  School  of  Mines. 

Baltimore.— American  Chemical  Journal.    Vol.  X,  Nos.  2-3.    8°  Baltimore,  1888, 

Johns  Hopkins  University. 

„  American  Journal  of  Philology.     Vol.  VIII,  No.  4.    8®  Baltimore,  1887. 

Johns  Hopkins  Universitt. 

„  Johns  Hopkins  University  Circulars.   Vol.  VI,  No.  59,  and  Vol.  VII,  Nos. 

64-65.    4**  Baltimore,  1887-1888.  Johns  Hopkins  University. 

B ATA VI A. — Dagh-Register  gehonden  int    Easteel    Batavia  vant  passerende    daer,   ter 

plaetse  als  over  geheel  Nederlandts-India.    Anno  1653.     Van  J.  A. 
van  der  Chijs.    8°  Batavia,  1888.  Batavia n  Society. 

Naluurkundig    Tijdschrift    voor    Nederlandsch-Indie.      Deel    XLVII.      8* 

Batavia,  1888.  The  Socieiy. 

Nbtulen  van  hot  Batavisf  sch  Genootschap  van  kunsten  en  Wetenschappen. 

Deel  XXV,  afl.  4.    8'  Batavia,  1888. 

Batavian  Society. 

„         Tijdschrift  voor  indische  TaaULand-en   Volkenkunde.     Deel  XXXII,  afl.  3. 

8°  Batavia,  1888.  The  Society. 

Berlin.— Jahrbuch  der  Koniglich  Preussischen  Geologischen  Landesanstalt  und  Berg- 

akademie  zu  Berlin  fur  1886.    8°  Berlin,  1887. 

Koniglich  Prkuss.  Geol.  Landesanstalt. 

Sitzungsberichte  der  Koniglich    Preussischen  Akademie  der  Wissenschaften. 

Nos.  19-54.    8°  Berlin,  1887.  The  Academy. 

Zcitschrift  der  Deutschen  Geologishen  Gesellschaft.    Band   XXXIX,  heft  4. 

8°  Berlin,  1888.  German  Geol.  Society. 


»» 
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Bombay.— journal  of  the  Bombay  Natural  History  Society.    Vol.  Ill,  Nos.  1-2.    8** 

Bombay,  1888.  The  Society. 

fioRDEAUX.—Actes  de  la  Soci^t^  Linn^enne  de  Bordeaux.    4"*  s^rie.  Tome  X,  and  s^^ 

s^rie,  Tome  I.    8"  Bordeaux,  1886-1887.  The  Society. 

Brussels.— Bulletin  de  la  Sod^t^  Roy  ale  Beige  de  G^ographie.    Annde  XII,  No.  1.    8® 

Bruxelles,  1888.  The  Society. 

„  Bulletin  du  Mus^e  Royal  d'Histoire  Naturelle  de  Belgique.  Tome  V,  No.  i. 

8°  Bruxelles,  i883.  The  Museum.* 

Budapest.— Termeszetrajzi  Fuzetek.    Vol.  XI,  No.  2.    8**  Budapest,  1888. 

Hungarian  Nat.  Museum. 
jBuenos  Aires.— Anales  del  Museo  Nacional  de  Buenos  Aires.    Tomo  III,  No.  2.    4* 

Buenos  Airfes,  1885. 

Calcutta.— Journal  of  the  Agricultural  and    Horticultural  Society  of  India.     New 

series.  Vol.  VIII,  pt.  2.    8**  Calcutta,  1888.  The  Society. 

Journal  of  the  Asiatic  Society  of  Bengal.    New  series.  Vol.  LVII,  pt  II 
No.  I.    8°  Calcutta,  1888.  The  Society! 

Proceedings  of  the  Asiatic  Society  of  Bengal.     Nos.  II-III.    8®  Calcutta 
1888.  The  Society. 

Records  of  the  Geological  Survey  of  India.    Vol.  XXI,  pt.  2.    8°  Cal- 
cutta, 1888.  Geological  Survey  of  India. 
Survey  of  India  Department.    Notes  for  March  and  April.    FIsc.  Calcutta 
1888.                                                   Survey  op  India  Department! 
Cambridge,  Mass.— Bulletin  of  the  Museum  of  Comparative  Zoology.     Vol.  XII I,  Nos. 

7-8  and  XVI,  No.  1.    8*  Cambridge,  1888.  The  Museum! 

„  Memoirs  of  the  American  Academy  of  Arts  and  Sciences.    Vol.  XI, 

pt  V,  No.  6.    4*  Cambridge,  1887.  The  Academy. 

Dehra  Dun.— Account  of  the  Operations  of  the  Great  Trigonometrical  Survey  of  India. 

Vol.  X.    4°  Dehra  Dun,  1887.  The  Survey. 

Dijon.— Mdmoires  de  V  Acad^mie  des  Sciences.    3"*  s^rie.  Tome  IX.    8®  Dijon,  1887. 

The  Academy. 
Edinburgh.— Scottish  Geographical  Magazine.     Vol.  IV,  Nos.  4-6.     8**  Edinburgh, 

1888.  The  Society. 

„  Transactions  of  the  Royal  Scottish  Society  of  Arts.    Vol.  XII,  pt.  1. 

8**  Edinburgh,  1888.  The  Society, 

Frankpurt.— Abhandlungen  von  der  Senckenbergischen  Naturforschenden  Gesells« 

chaft.     Band  XV,  heft  2.    4°  Frankfurt,  1888. 

Halle. — Katalog  der  Bibliothek  der  Kaiserlichen  Leopoldinisch  Carolinischen  Deuts- 

chen  Akademie  der  Naturforscher.    Lief  i.    8**  Halle,  1887. 

The  Academy. 

„  Leopoldina.    Heft  22-23.    4°  Halle,  1 886-1887.  The  Academy. 

„  Nova  Acta  Academiae  Caesareae  Leopoldino-Carolinae  Germanicae  Naturae 

Curiosorum.    Vols.  XLIX — LI.    4"  Halle,  1887.         The  Academy. 
Harrisburg.— Annual  report  of   Ihe  Geological  Survey  of  Pennsylvania  for   1886. 

Parts  1-2.    8**  Harrisburg,  1887.  The  Survey. 
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Leids.— Annales  dc  1'  iScole  Polytechnique  de  DelfL   Tome  IIMivr.  4,    4*  Ldde»  i888. 

L'^OLB  PoLYTECHNiaUB. 

LiSBON.—Commissao  dos  Trabalhos  Geologicos  de  Portugal.    Estudo  sobre  os  Bilo- 

bites  e  outros  fosseis  das  quart»tes  da  base  do  systema  silurico  de 
Portugal.    Supplemento.     Por  J.  F.  N.  Ddgado.    4*  Lisboa,  1888. 

Geol.  Comm.,  Portugal. 
London.— Journal  of  the  Anthropological  Institute  of  Great  Britain  and  Ireland.    Vol. 

XVII,  Nos.  3.4.    %^  London.  1888. 
Journal  of  the  Royal  Asiatic  Society  of  Great  Britain  and  Ireland.    New 
series.  Vol.  XX,  pt.  2.    8"  London,  1888.  The  Society. 

Journal  of  the  Society  of  Arts.    Vol.  XXXVI,  Nos.  1843-1849  and  1851-185^ 
8"*  London,  i888.  The  Society. 

Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society.    Vol. 
VII,  No.  35.    8*  London,  1887. 

M  Proceedings  of  the  Royal  Geographical  SodeCy.    New  series.  Vol.  X,  Nos. 

3*5.    8^  London,  1888.  The  Society. 

„  Proceedings  of  the  Royal  Society  of  London.    Vol.  XLIII,  Nos*  36i-<a(^ 

8^  London,  1887-1888.  The  Society. 

M  Proceedings  of  the  Zoological  Society  of  London.    Part  IV,  1887.    8*  Lon* 

don,  1888.  The  Society. 

M  Transactions  of  the  Zoological  Society  of  London.    Vol.  XII,  pt.  7.    4° 

London,  i888.  The  Society. 

,y  Quarterly  Journal  of  the  Geological  Sodety.   Vol.  XLIV»  Na  173.    8*  Lon. 

don,  1888.  Tbe  Society. 

Malrid. — Anuario  de  la  Real  Academia  de  Ciencias  Exactas,  Fisicas  y  Naturales. 

12**  Madrid,  1888.  Tbb  Academy. 

„         Memorias  de  la  Real  Academia  de  Ciendas  Exactas,  Fisicas  y  Naturales. 
Tomo  XII  and  XIII,  pt.  i.    4*  Madrid,  1887.  The  Academy. 

„         Revista  de  los  Progresos  de  Las  Ciencias  Exactas,  Fisicas  y   Naturales. 
Tomo  XXII,  No.  4.    8**  Madrid,  1887.        Royal  Academy,  Madrid. 

„         Boletin  de  la  Sociedad   Geografica  de  Madrid.    Tomo  XXIII,  Nos.  3-6; 
Tomo  XXIV,  Nos.  1-3.    8'  Madrid,  1887-1888.  The  Society. 

Manchester. — Memoirs  of  the  Manchester  Literary  and  Philosophical  Sodety.    3rd 

series,  Vol.  X.    8**  London,  1887.  The  Society. 

„  Proceedings   of   the  Manchester  Literary  and  Philosophical  Sodety. 

Vols.  XXV-XXVI.    8°  Manchester,  1885-1887.  The  Society. 

„  Transactions  of  the  Manchester  Geological  Society.  Vol   XIX,  pts, 

16-19.    8*  Manchester,  1888.  The  Society. 

Melbourne. — Reports  of  the  Mining  Registrars  for  the  quarter  ending  31st  Decem- 
ber 1887.    Flsc     Melbourne,  1888. 

Mining  Department, Victoria. 

Moscow.— Bulletin  de  la  Soci6t6  Imp6riale  des  Naturalistes.    No.   i.  1888.    8^  Mos- 

ecu,  1888.  The  Society. 

Newcastle-on-Tyne.— Transactions  of  the  North  of   England   Institute  of  Mining 

and  Mechanical  Engineers.    Vol.  XXXVII.  pts.  2-4.    8"  Newcastle, 
1888.  The  Institute. 
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Bw  York.— Annals  of  the  Lyceum  of  Natural  History  of  New  York.    Vol.  IX, 

Nos.  5-13 ;  Vol.  X,  Nos.  1-14;    Vol.  XI,  Nos.  I-I3,    8*  New  York, 
x868-i876.  The  Academy. 

Proceedings  of  the  Lyceum  of  Natural  History.  Vol.  I,  pp.  1-16,  45-300; 
and  series,  Nos.  1-4.    8"  New  York,  1873-1874. 

New  York  Academy  op  Scibncb;9. 

Annals  of  the  New  York    Academy  of  Sciences.    Vol.  I,  Nos.  1-14; 

Vol.11,  Nos.  i-ii;  VoL  III,  Nos.  i-ia.    8' New  York,  1877-1885. 

The  Academy. 

n  Transactions  of  the  New  York  Academy  of  Sciences.    Vol.  I,  Nos.  1-3 

and  5-8;  Vol.  II,  Nos.  1-8;  VoU  III ;  and  Vol.  V,  Nos.  1-8.    V  New 

York,  1881-1886.  The  Academy. 

TTAWA.— Summary  report  of  the  operations  of  the  Geological  and  Natural  History 

Survey  of  Canada  to  31st  December   1887,  being  part  III,  annual 
report  of  the  Department  of  the  Interior,  1887.    8*  Ottawa,  i888. 

The  Survey. 
ARis. — Annales  des  Mines*    8"*  s^ne.  Tome  XII,  livr.  4-5.    8*  Paris,  1887. 

Department  op  Mines,  Paris. 
M       Annuaire  G^logique  Universel,  revue  de  g^ologie  et  pal^ontologie  dirig^e 

par  Dr.  L.  Carez  et  H.   Douvill6.  Avec  le  concours  de  nombreux 

g^logues   Fran^ais    et  Strangers,    public  par  le  Dr.  Dagincourt* 

Tome  III.    8"  Paris,  1887.  Dr.  Dagincourt. 

„       Bulletin  de   la   Soci^t^  Gtologique  de  France.    3***  s6rie.  Tome  XVI,  Nos. 

x-2.    8*  Paris,  1888.  The  Society. 

„       Campto  Rendu  des  Stances  de  la  Soci^t^  de  G^graphie.   Nos.  5-1 1 .    8^  Paris, 

1888.  The  Society. 

HiLADBLPHiA.— Journal  of  the  Franklin   Institute.    3rd  series.  Vol.  XCV,  Nos.  3-5. 

8°  Philadelphia,  i388.  The  Institute. 

,»  Proceedings  of  the  Academy   of  Natural  Sciences.     Pt  III,    1887. 

8"*  Philadelphia,  1887.  The  Academy. 

f.  Proceedings  of  the  American   Philosophical   Society.    Vol.    XXIV, 

No.  126.    8'  Philadelphia,  1887.  The  Society. 

PiSAw— Atti  della   Societa  Toscana  di  Scienze  Naturali  Process!  Verbali.    Vol.  VI. 

pp.  37-72.    8**  Pisa,  1888.  The  Society. 

Rome. — Atti  ddla  Reale    Accademia   dei    Lincei.    Serie  IV,  Rendiconti,    Vol.  III. 

Semestre   2,   fasc.    12-13,    and    Vol.    IV,   Semestre    i,    fasc.    1-4. 
8*  Roma,  1887-1888.  The  Academy. 

M        Memorie  descrittive  della  Carta  Geologica  d'ltalia.    Vol.  I,  with  folio  maps. 

8^  Roma,  1886.  Geol.  Commission,  Italy, 

Sacramento. — California  State  Mining  Bureau.    Seventh  annual  report  of  the  State 

Mineralogist  for  the  year  ending  October  ist,  1887.    8*  Sacramento, 
1888.  Mining  Bureau,  Calipornia. 

Shanghai.— Journal  of  the  China  Branch  of  the  Royal  Asatic  Society.   New  series. 

Vol.  XXII,  Nos.  3-4.    8®  Shanghai,  1888.  The  Society. 

St.  Petersburg.— Beitrage  zur  Kenntniss  des  Russischen  Reiches  und  der  Angren- 

zenden  L&nder  Asiens.    Folge  3,  Band  III.    8**  St.  P6tersbourg,  1887. 

The  Academy. 
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St.  Petersburg.— Bulletin  de  1'  Acad^mie  Imp^riale  des  Sciences.    Tome  XXXII, 

No.  !.   4^  St.  P^tersbourgy  1887.  The  Acaobuy. 

„  M^moires  de  V  Acad^mie  Imp^riale  des  Sciences  de  St.  Petersbourg, 

7**  s6rie,  Tome  XXXV,  Nos  8-9.    4°  St.  Pdtersbourg,  1887. 

Tub  Academy. 

Stuttgart. — Jahrcshefte  des  Vereins  fiir  VaterlSndische  Naturkunde  in  Wurttemberg. 

Jahrg  XLIV.    8°  Stuttgart,  1888. 
Sydney. — History  and  description  of  the  skeleton  of  a  New  Sperm  Whale,  lately  set 

up  in  the  Australian  Museum :  together  with  some  account  of  a  new 

genus  of  sperm  whales,  called  Euphysetes.    By  William  S.  Wall. 

8^  Sydney,  1851 ;  reprint  1887.  Australian  Museum. 

„        Journal  and  Proceedings  of  the  Royal  Society  of  New  South  Wales.  Vol. 
XXI.    8'  Sydney,  1888.  Tbb  Society. 

„        Proceedings  of  the  Linnean  Society  of  New  South  Wales.   2nd  series.  Vol.  II, 

pt.  4.    8°  Sydney,  i888.  The  Society. 

T0R1N. — Atti  della  R.  Accademia  delle  Scienze.    Vol.  XXIII,  disp.  9-10.    8°  Torino, 

1887-1888.  Thb  Academy. 

Venice. — Atti  del  Reale  Istituto  Veneto  di  Scienze,  Lettere  ed  Arti.  Serie  6,  Tomo  VI, 

disp.  2-4.    8^  Venezia,  1887-1888.  Tbb  Institute. 

Vienna. — Annalen  des  k«  k.  Naturhistorischen  Hofmuseums.    Band  II,  No.  4,  and  III, 

No.  I.    8*  Wien,  1887-1888.  The  Museum. 

„        Verhandlungen  der  k.  k.  Geologischen  Reichsanstalt.    Nos.  2-7.    8^  Wien,. 
1888.  The  Institute. 

Washington.— U.  S.  Geol.  Survey.    Mineral  Resources  of  the  United  States  for  1886. 

By  David  T.  Day.    8*^  Washington,  1887.  U.  S.  Geol.  Survey. 

Wellington. — Annual  reports  on  the  Colonial  Museum  and  Laboratory.      Nos.  20-22. 

8°  Wellington,  1886-1887. 

CoL.  Museum  and  Geol.  Survey,  New  Zealand. 

„  Colonial  Museum  and  Geological  Survey  of  New  Zealand.     Reports  of 

geological  explorations  during  1885  and  1886-87.     8**  Wellington^ 
1886-1887.         CoL.  Museum  and  Geol.  Survey,  New  Zealand. 

„  Colonial  Museum  and  Geological  Survey  of  New  Zealand.    Studies  in 

Biology  for  New  Zealand  students.     No.  3.     8**  Wellington,  1887. 

CoL.  Museum  and  Geol.  Survey,  New  Zealand. 

Yokohama.— Mittheilungen  dor  Deutschen   Gesellschaft  fur    Natur-und  Volkerkunde 

Ostasiens  in  Tokio.     Band  IV,  heft  39.    4**  Yokohama,  1888. 

German  Society,  Yokohama. 
York.— Annual  report  of  the  Yorkshire  Philosophical  Society  for  1887.    ^  York,  i888. 

The  Society. 


MAPS. 

Map  of  a  portion  of  the  southern  interior  of  British  Columbia,  embodying  the  explora- 
tions made  in  1877  by  G.  M.  Dawson,  and  in  1882-84  by  Amos 
Bowman.    Map.    Montreal,  1888.  Geol.  Survey,  Canada. 

July  i6th,  i888. 
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Notes  0 


I  Indian  Fossil  Vertebrates,  by  R.  LVDEKKER,  B.A.,  F.G.S. 
I.  The  Ulna  of  Hysnarctos. 

Among  a  small  collection  of  bones  obtained  by  Mr.  R.  D.  Oldham  in  the 
Siwaliks  of  Kasamiiri  Rao,  Sahiranpur  district,  and  lately  sent  to  me  by  the 
Director  of  the  Survey,  the  only  specimen  of  any  interest  is  (No.  H  ^)  the  nearly 
entire  right  ulna  of  one  of  the  species  of  Hyanarctoi.  Of  this  bone  the  proximal 
extremity  is  represented  in  the  accompanying  woodcut  (fig.  i).  In  regard  to  the 
generic  refeience,  it  is  quite 
clear  that  this  specimen  does 
notbelongtothe />/(if<c,-and  ' 
the  only  other  known  Siwalik 
carnivore  of  sufficient  size 
to  which  it  could  belong  is 
Hyattarelos,  The  specimen 
agrees,  moreover,  with  the 
imperfect  ulna  in  the  British 
Museum  noticed  in  the  'Pal- 
seontologia  Indica,'  ser.  lo, 
vol.  II,  p.  13;,  which  was 
probably  associated  wiih  the 
type  skull  of  H,  dvaUnsh  1 
and  since  it  closely  resembles 
the  corresponding  bone  of 
Amphicyon,  its  reference  to 
Hyanarelos  may  be  con- 
sidered certain. 

In  the  above-mentioned 
ulna  the  proximal  extremity  is 
wanting ;  and  since  there  is 


Fig.  I.  Palmar  and  preaxial  aspects  of  the  proximal  ex- 
tremitj  of  theright  ulna  oC/fvanarrfat/  Erom  the  Siwaliki 
of  the  Sahiranpur  district  1  \  nat.  size,  o/.,  oiecranDD  ;  a, 
anterior  tuberosity  of  do.;  tig.,  greater  sifpnoid  cavit/;  i. 
sig.,  lesser  sigmoid  cavity  for  head  of  radius. 
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great  variation  in  this  part  among  the  diSerenl  genera  of  Urso- Ganoids,  some  important 
conclusions  may  be  drawn  (herefrom  as 
to  the  affinities  of  Hyanarctos.  It  will 
be  observed  from  the  figure  that  the 
olecranon  is  well  developed,  ascending 
aconsiderabledistance  above  the  prox- 
imal  portion  of  the  greater  sigmoid  ca- 
vity for  the  articulation  of  the  humerus, 
and  possessing  a  strongly-marked  an- 
terior tuberosity.  The  lesser  sigmoid 
cavity  is  deeply  concave,  and  indicates 
free  supination  of  the  manus.  Com- 
pared with  the  ulna  of  AmphUyon 
figured  by  Dr.  Filhol  in  the  'Ann.  Sci. 
G^ol,/  vol.  X,  pi.  XIV,  fig.  3,  the  re-  P'E-»-  Palmarandprewtial  «pert»oftheprin- 

semblance  is  so  close  that  in  the  ab-    '"^  f'tn.mi^of  the  riftht  dna  of  Ut»^  -«(«.-i 

.      ,  .  ,  ,  nataue.    Letters,  &s  id  ng.  i. 

sence  of  ottier  evidence  the  two  speci- 
mens tnight  well  be  referred  to  the  same  genus.  In  the  ulna  of  Canis  thejwell-developed 
olecranon  is  retained,  but  the  lesser  sigmoid  cavity  becomes  much  flatter  and  less 
well  defined  in  correlation  with  the  greatly  diminished  power  of  supination  of  the 
manus.  Turning,  however,  to  the  ulna  of  Ursus  (fig,  3),  we  find  a  wide  diSerence 
from  our  specimen,  owing  to  the  abortion  of  the  olecranon  and  the  almost  toUl 
disappearance  of  its  anterior  tuberosity.  A  very  similar  condition  of  the  olecranon 
obtains  in  the  Primates,  and  is,  I  presume,  connected  with  the  power  of  straighten- 
ing the  fore  arm  on  the  upper  arm. 

In  my  description  of  the  skull  of  Hyanarctos  in  the  '  PalKOntoIogia  Indica' 
already  cited,  the  conclusion  was  reached  that  this  genus  might  be  regarded  as 
connecting  Ampkicyon  with  Unut  through  the  intervention  of  the  American  Arda- 
thcrium.  This  conclusion  receives  support  from  the  present  specimen,  which  (as  is 
the  case  ^Ih  the  camassial  teeth)  is  nearer  to  the  corresponding  element  of  Amphityon 
than  to  that  of  Ursus ;  and  I  conclude  that  the  humerus  was  in  all  probability 
furnished  with  an  epicondylar  foramen,  as  in  the  former  genus.  In  Arctoiherium, 
which  displays  a  dentition  much  more  like  that  of  Ursus,  the  olecranon  has  become 
aborted  after  the  Ursine  type. 

Finally,  I  may  observe  that  on  page  139  of  the  above-quoted  memoir  I  expressed 
an  opinion  that  the  dentition  of  Hyanarctos  was  more  specialized  than  that  of  the 
Bears.  This  opinion  I  now  withdraw,  and,  in  accordance  wiih  the  views  of  Professor 
Flower,  I  look  upon  the  Bears  as  the  most  specialized  members  of  this  branch  of 
the  Urso-Canoid  stock  ;  which  have,  however,  to  suit  their  fissorial  and  scansorial 
habits,  retained  the  primitive  pentedactylate  and  plantigrade  feet. 


2.  Massospondylus,  from  THE  KaROO  AND  GONOWANA  SYSTEMS. 

In  my  memoir  on  the  '  Reptilia  and  Amphibia  of  the  Maleri  and  Denwa  Gronps ' 
published  in  the  '  Palsontologia  Indica,'  ser.  4,  vol.  1,  pt.  5  (1885),  I  described  (pp. 
36-29)  and  figured  certain  Reptilian  remains  from  the  Maleri  beds  which  I  regarded 
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aa  Dinosaurian,  and  placed  in  the  neighbourhood  of  the  English  Triassic  genus  ' 
Thecodonlosaitrus ;  following  the  lead  of  Professor  Huxky  in  classing  the  latter  with 
Se<lidosauriu  and  its  allies.  I  thought  it,  however,  advisable  to  refrain  from  giving  a 
generic  name.  Thesf.  remains  comprise  one  extremity  of  the  centrum  of  a  dorsal  or 
lumbar  vertebra  (pi.  V,  fig.  4),  a  caudal  vertebra  {ibid.,  fig.  7),  some  phalangeals  (pi. 
IV,  figs.  7,  8),  and  teeth  (pi.  VI,  fig.  10,  and  woodcut  fig.  i,  p.  ag).  The  vertebr» 
are  ampbiocelous,  with  long,  laterally-compressed  centra,  having  oval  terminal  faces, 
and  the  upper  surface  deeply  excavated  by  the  base  of  the  neural  canal.  The  phal- 
angeals resemble  those  of  the  Ornithopoda  and  Theropoda ;  while  the  teeth  come 
nearest  to  those  of  the  European  Thtcoiontoiaurus  and  the  North  American  Trias- 
sic Anehiiaurut  (^Amphisaurus) ;  these  two  genera  being  placed  by  Professor  Marsb 
in  a  single  family  of  the  Theropoda  under  the  name  of  Anchisaurida. 

During  a  recent  visit  to  the  Museum  of  the  Royal  College  of  Surgeons  I  was 
struck  with  the  resemblance  to  the  above-mentioned  specimens  presented  by  a  series 
of  Reptilian  bones  coUecleJ  many  years  ago  from  the  Karoo  system  near  the  town  of 
Uarrismith,  in  the  Drakenberg  range,  Basuloland.  These  specimens  are  catalogued 
by  Sir  R.  Owen  in  the  '  Catalogue  of  Fossil  Reptilia,' pp.  97,  99  (1854),  under  the 
names  of  Massospondylus  and  Pachyspondylm ;  caudal  vertebra  being  taken  as  the 
types  of  the  two  genera.  The  bones  are  coated  with  a  hard  ferruginous  matrtx,  and 
are  indistinguishable  as  to  mincralogical  condition  from  MaJeri  specimens. 

It  will  be  unnecessary  on  this  occasion  to  discuss  the  question  whether  there  are 
really  two  genera  among  these  South  African  specimens  ;  and  it  will  be  convenient 
to  refer  to  the  dorsal  vertebra  and  limb-bones  under  the  name  of  Massospondylus, 
since  there  is  at  least  an  equal  probability  of  their  belonging  to  this  genus  rather 
than  to  Pachyspondylus.  The  specimens  comprise,  in  addition  to  the  caudals, 
several  centra  of  trunk  verte- 
brae, an  ilium,  and  numerous 
phalangeals  of  the  manus  and 
pes.  In  the  original  notice 
it  was  stated  that  some  of 
these  remains  showed  Dino- 
saurian  affinities,  but  their  or- 
dinal position  was  left  an  open 
question. 

With  Our  present  know- 
ledge of  the  strucLure  of  the 
Dinosauria  it  is  at  once  appar. 

ent  that  these  African  bones 

are  referable  not  only  lo  that 
order  but  to  the  sub-order 
Theropoda.  Thus  the  ilium, 
which  belongs  to  a  small  in- 
dividual, is  of  the  general  type 
of  that  of  Megalosanrus,  al- 
though presenting  well-mark- 
ed generic  differences.    The 


Fig.  3.  Donal  and  distat  aspects  of  a  phalangeal  of  the 
nanus,  nat.  lize  ;  and  lateral  and  hcemal  aspects  of  the  ceii. 
rum  of  a  trunk  vertebra,  i  nat.  siie,  of  MauBSfoHdylui 
arinatui;  from  the  K&roo  system  of  Basutoland. 
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characteristic  sharply-curved  terminal  phalangeals  of  the  manus  are  also  decisive  as 
to  the  subordinal  position.  In  the  trunk  vertebrae,  of  which  one  specimen  (No.  336) 
is  represented  in  the  accompanying  woodcut,  the  centrum  is  much  constricted 
laterally  and  excavated  inferiorly,  with  oval  and  amphicoelous  terminal  faces,  after  the 
manner  of  the  dorsals  of  Megalosaurus,  Certamty  is  added  to  this  resemblance  by 
the  presence  of  a  fusiform  median  cavity  in  the  centrum,  as  is  demonstrated  by  a 
transverse  fracture  now  cemented  together.  One  of  ihe  second  or  third  phalangeals 
of  the  manus  (No.  380)  is  shewn  by  the  side  of  the  vertebra  in  fig.  3. 

The  special  interest  of  these  specimens  lies,  however,  in  their  close  resemblance 
to  the  above-mentioned  Dinosaurian  bones  from  Maleri.  The  vertebra  figured  in 
the  accompanying  woodcut,  except  for  its  smaller  size,  cannot  indeed  be  distinguish- 
ed from  the  Maleri  specimen  shewn  in  pi.  V,  fig.  4  of  my  memoir ;  while  the  figured 
African  phalangeal  of  the  manus  agrees  in  all  respects  with  the  larger  Indian  phal- 
angeal of  the  pes  represented  in  pi.  IV,  fig.  8.  It  is  true,  indeed,  that  these  resem- 
blances are  insufficient  to  indicate  with  absolute  certainty  the  generic  identity  of  the 
Indian  with  the  African  form,  yet  when  we  bear  in  mind  the  occurrence  of  generi- 
cally  identical  Dicynodonis  in  the  Gondwana  and  Karoo  systems,  the  extraordinary 
similarity  to  one  another  presented  by  those  two  series  of  deposits,  and  the  absolute 
identity  in  the  mineral  condition  of  the  African  and  Indian  specimens  under  coo- 
sideration,  I  venture  to  think  that  we  may  be  justified  in  referring  the  latter  to  the 
African  genus.  Accepting  this  reference,  important  evidence  is.  afforded  by  the 
Maleri  teeth  as  to  the  relationship  of  Massospondylus  with  the  Anchisauridce^  to 
which  family  it  may,  I  think,  be  pretty  safely  referred.  I  am  not,  indeed,  in  a  posi- 
tion to  say  whether  the  Old  World  genus  is  really  distinct  from  Anchisaurut ;  but  if 
the  latter  is  unknown  in  Europe  its  appearance  in  India  would  be  very  unlikely. 
The  original  notice  of  Massospondylus  carinaius  is  too  incomplete  to  allow  of  the 
name  being  regarded  as  more  than  a  manuscript  one ;  and,  if  such  a  course  be 
permissible,  I  would  suggest  that  it  might  date  from  the  present  description,  with 
the  figured  specimens  as  the  types. 

The  matrix  of  the  African  specimens  of  Massospondylus  being  different  from 
that  in  which  the  African  Dicynodonts  are  found  may  be  taken  as  fair  evidence  of 
a  distinct  geological  horizon ;  and  since  the  occurrence  of  Dicynodonts  in  the  Pan- 
chet  stage  of  the  Gondwanas  indicates  the  probability  of  these  beds  being  the  equi- 
valents of  those  which  yield  the  same  family  in  Africa,  it  is  probable  that  the  Harri- 
smith  beds  yielding  Massospondylus  are  the  equivalents  of  the  Maleri  stage,  which  is 
considerably  higher  than  the  Panchcts. 

In  conclusion,  I  may  express  my  thanks  to  Professor  Stewart,  Conservator  of  the 
Royal  College  of  Surgedns,  for  permission  to  describe  the  African  specimens. 
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Some  Notes  on  the  Geology  of  the  North- West  Himalayas;  by  R.  D. 
Oldham,  A.R.S.M.,  F.G.S.,  Deputy  Superintendent,  Geological  Sur- 
vey of  India. 

SPITI. 

The  observations  on  which  the  following  remarks  are  based  were  made  during 
a  tour,  through  Ladak  and  Kashmir,  undertaken  with  a  view  to  determining  how  far 
the  discrepancies  between  the  sequence  of  beds  in  Kashmir,  as  described  by 
Mr.  Lydekker,  and  that  of  the  Simla  region  was  real.  As  the  country  traversed 
has,  with  a  small  exception,  already  been  examined  cursorily  by  previous  observers, 
I  shall  only  notice  those  points  on  which  I  find  it  necessary  to  differ  from  or  am- 
plify opinions  already  recorded. 

The  first  exposure  of  gneissose  granite  seen  was  on  the  road  between  Narkanda 
and  Kotgarh  at  about  one  mile  before  the  road  to  Kotgarh  branches  off  from  the  old 
Hindustan  and  Thibet  road.  This  exposure  is  apparently  a  continuation  of  the 
lower  of  the  two  exposures  on  the  Hattu  ridge,  recorded  by  Colonel  McMahon,  but, 
owing  to  the  density  of  the  forest,  the  two  could  not  be  traced  into  continuity. 
Colonel  McMahon  has  expressed  an  opinion,  based  on  the  micro3Copical  characters 
of  the  rock,  that  these  exposures  must  be  regarded  as  metamorphic  gneiss,  not  granite. 
I  find  myself  unable  to  agree  with  this  opinion,  for  not  only  do  both  bands  occur 
among  schists  and  bacillary  quartzites  undistinguishable  from  those  of  the  Boileauganj 
Hill  and  like  them  associated  with  black  carbonaceous  slates,  but  in  the  exposure  on 
the  summit  of  Hattu  I  saw  several  well-defined  crystals  of  orthoclase  lying  with  their 
longer  axes  more  or  less  transverse  to  the  planes  of  foliation.  Mineralogically  the 
rock  is  a  gneiss,  and  in  the  lower  exposure  the  porphyritic  crystals  of  felspar  have 
lost  their  crystalline  outline  and  form  mere  lenticular  eyes,  so  that  both  macrosco- 
pically  and  microscopically  the  rock  might  well  pass  for  gneiss  did  not  its  associa- 
tion preclude  the  idea. 

But  this  loss  of  the  characteristics  of  an  intrusive  rock  is  not  nearly  so  marked 
as  in  an  exposure  on  the  old  road  from  Kotgarh  down  to  the  Sutlej.  Here,  above 
the  villap^e  of  Shaot,^  there  is  what  looks  like  highly-foliateJ  mica  schist,  with  little 
or  no  quartz  but  occasional  specks  of  felspar.  For  the  most  part  the  rock  is  very  soft, 
but  there  are  occasional  harder  bands  which,  owing  to  a  larger  proportion  of  felspar 
and  quartz,  have  resisted  decomposition.  On  breaking  open  a  block  of  the  micaceous 
rock  the  felspar  is  seen  to  be  in  larger  proportion  than  appears  on  the  weathered  sur- 
face, as  each  speck  is  but  the  termination  of  a  rod  of  felspaihic  material  devoid  of 
definite  crystalline  structure.  The  rock  occurs  among  carbonaceous  slates  and  quartz- 
ites of  the  type  of  the  Infra  Krol  groups  of  Mr  Medlicott,  and  can  hardly  be  ascribed 
to  a  metamorphism  of  part  of  these  beds  in  situ,  while  the  drawing  out  of  the  fel- 
spathic  material  into  strings  is  probably  due  to  fluxion  while  the  rock  was  in  a  plastic 
condition.  If  this  conclusion  be  correct  the  rock  is  an  extremely  impure  representa- 
tive of  the  gneissose  granite,  several  other  exposures  of  which,  all  highly  micaceous, 
though  not  so  much  so  as  this  one,  occur  lower  down  the  same  spur. 

>  Situated  on  the  spur  between  Sulan  (Siiil&n)  and  K^t^  (Rita). 
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Along  the  Sutlej  valley  exposures  of  gneissose  granite  are  common  and  have 
already  been  recorded  by  Colonel  McMahon  ;  they  are  all  shewn  to  be  granite  by 
the  occasional  occurrence  of  definite  crystals  of  orthoclase  lying  more  or  less  trans- 
verse to  the  foliation  planes.  These  crystals  become  more  numerous  and  conspi- 
cuous towards  the  east ;  in  other  words  the  further  the  intrusions  are  traced  from 
their  eastern  source  the  more  do  the  originally  well-formed  orthoclase  crystals  lose 
their  crystalline  form  and  become  degraded  into  rounded  lumps  of  felspar. 

Rocks  of  the  Sutlej  Valley, — With  the  exception  of  the  gneissose  granite,  some 
true  gneiss  seen  on  the  last  two  marches  and  the  diorite  intrusions  described  by 
Colonel  McMahon,^  the  rocks  between  Kotgarh  and  the  Wangtu  bridge  are  of 
volcanic  origin,  carbonaceous  slates,  white  quartzites  similar  to  those  of  Bawar  and 
other  less  characteristic  beds  belonging  to  the  same  series  which  I  have  proposed  to 
call  Carbonaceous.  Two  interpretations  of  the  section  haye  been  given  on  different 
occasions  by  Colonel  McMahon,  but  beyond  expressing  an  opinion  that  toth  require 
extensive  modification  I  shall  add  nothing  to  what  has  been  written  above.  All 
conjectural  interpretations  of  Himalayan  sections,  not  based  on  extended  survey,  are 
in  the  last  degree  hazardous,  especially  where,  as  in  the  present  case,  the  section  is 
carried  almost  along  the  strike  of  the  beds. 

Central  Gneiss  of  Wangar  Valley. — I  have  already  incidentally  mentioned  the 
occurrence  of  true  gneiss  south  of  the  Sutlej  valley,  but  the  series  is  much  better  ex- 
posed on  the  ascent  from  Wangtu  bridge  to  the  Sutlej  valley.  At  the  bridge  itself 
oligoclase  granite  is  in  situ,  as  has  been  abundantly  described  by  previous  observers, 
but  on  the  ascent  it  soon  gives  way  to  gneiss.  I  have  nothing  here  to  add  to  the 
late  Dr.  Stoliczka's  description  but  to  say  that  it  is  most  indubitably  a  gneiss  series 
and  as  distinct  as  can  be  from  the  intrusive  gneissose  granite.  Occasionally  speci- 
mens are  so  highly  granitoid  that  the  foliation  has  disappeared,  but  the  occurrence 
of  well-defined  beds,  arranged  parallel  to  each  other  and  differing  in  lithological 
structure  and  mineralogical  composition,  shew  that  the  series  must  have  originated 
by  sedimentation  or  some  analogous  process.  The  junction  of  the  gneiss  and  slate 
series  of  the  Babeh  pass  is  marked  by  an  intrusion  of  the  gneissose  granite;  and 
nothing  could  be  more  distinct  than  the  porphyritic  granite  devoid  of  stratification, 
with  its  defined  crystals  of  felspar  lying  without  any  definite  orientation,  and  its  nu- 
merous inclusions,  whether  of  foreign  rock  or  formed  by  greater  local  concentration 
of  the  micaceous  element  on  the  one  hand,  and  the  distinctly  stratified  gneiss,  often 
granitic,  not  infrequently  porphyritic  but  with  the  porphyritic  felspar,  whether  cr}^stal- 
line  or  in  the  form  of  lenticular  eyes,  lying  parallel  with  the  foliation,  planes 
on  ihe  other. 

Babeh  Pass  and  Spiti  section. — I  have  little  to  add  to  Dr.  Stoliczka's  description 
of  this,  and  nothing  to  modify  except  as  regards  the  lower  portion. 

The  lowest  beds,  or  slate  group  of  the  Babeh  series,  contain  some  bands  of  car- 
bonaceous slate  which  render  it  probable  that  they  may  be  brought  into  their  pre- 
sent position  by  disturbance.  The  upper  beds  of  the  series,  consisting  of  red 
quartzites  resemble  very  strongly  the  quartzites  of  Chakrata,  even  to  the  occurrence  of 
fragments  of  serpentinous  rock  and  occasionally  a  film  of  serpentine  on  the  bedding 
planes,  as  is  not  uncommon  among  the  'Lower  Chakratas'  of  N.  E.  Jaonsar. 

*  Rec.  G,  S.  of  I.,  X,  214,  et  seq,  /  XII,  65,  et  seq,  and  75,  et  seq. 
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Above  these  quartzites  are  some  black  carbonaceous  slates,  slightly  schistose 
and  shewing  a  sheen  on  the  foliation  surfaces;  very  common  among  the  '  Infra 
Krols'  of  the  Simla  area.  It  is  not  impossible  that  the  upper  and  lower  groups  of 
Stoliczka's  Babeh  series  may  be  the  same,  and  that  instead  of  a  regularly  ascending 
section  there  is  a  very  much  compressed  anticlinal.  However,  beyond  the  occur- 
rence of  black  carbonaceous  slates  there  is  nothing  to  support  the  supposition;  I 
could  not  recognize  the  slates  on  either  side  of  the  quartzite  as  belonging  to  the 
same  group. 

The  Muth  series  of  Stoliczka  resembles  nothing  I  am  acquainted  with  in  the 
Simla  area.  One  thing  I  feel  certain  of,  that  it  does  not  represent  the  Blaini  group 
of  Simla ;  the  conglomerates  of  the  Muth  series  are  perfectly  ordinary  conglomerates 
and  quite  dijfferent  to  the  very  peculiar  Blaini  rock.  According  to  Dr.  Stoliczka  there 
is  a  transition  between  the  Muth  and  Babeh  series,  the  purple  (red)  beds  at  the  base 
of  the  former  being  said  to  be  interbedded  with  the  green  and  grey  slates  and  quartz* 
ite  at  the  top  of  the  former.  I  do  not  know  how  far  this  statement  rests  upon  a 
direct  observation,  or  how  far  it  may  depend  on  a  distant  view  of  the  cliflfs  overhanging 
the  left  bank  of  the  stream.^  If  only  the  latter,  little  weight  can  be  attached  to  the 
observation,  as  fallen  fragments  shew  that  ther  ed  colouration  of  the  bands  inter- 
bedded in  the  grey  beds  is  superficial,  while  the  colour  of  the  lower  group  of  the 
Muth  series  extends  through  the  rock. 

The  uppermost  group  of  speckled  and  white  quartzites  so  strongly  resembles 
some  of  the  quartzites  of  the  Carboniferous  series  of  Kashmir,  and  in  a  less  degree  of 
the  Carbonaceous  series  of  the  Simla  area,  that  one  may  be  allowed  to  doubt  whether 
they  should  not  be  ascribed  to  the  Kuling  series.  This  would  make  the  Muth  series 
Carboniferous,  though  the  obscure  fossils  it  has  yielded  were  regarded  by  Dr.  Sto- 
liczka as  Silurian.  As  none  of  these  were  specifically  determinable,  perhaps  too 
great  weight  should  not  be  allowed  to  this  opinion. 

The  Kuling  or  Carboniferous  rocks  are  not  well  exposed  in  Spiti ;  its  apparently 
capricious  appearance  and  relations  to  the  other  sedimentary  groups  support 
the  opinion  expressed  by  Dr.  Stoliczka,  that  there  was  an  unconformable  break  at 
the  close  of  the  Carboniferous  period.  The  lithological  resemblance  of  the  beds  to 
those  of  the  carbonaceous  series  of  the  Simla  area  is  striking,  and  at  two  spots  in 
the  Spiti  valley  a  rock  occurs  which  resembles  in  structure  the  Blaini  conglomeratic 
slate.  The  first  or  easternmost  of  these  is  associated  with  beds  believed  by  Colonel 
McMahon  *  to  belong  to  the  Carboniferous  or  Kuling  group :  in  this  I  agree  with 
him  though  no  great  certainty  attaches  to  the  identification.  But  in  the  case  of  the 
second  exposure  there  can  be  no  doubt  whatever  that  the  beds  among  which  it 
occurs  are  of  Kuling  age. 

The  similarity  of  the  rocks  of  the  Kuling  and  Carbonaceous  series  of  itself 
suggested  to  Dr.  Stoliczka  the  probability  of  their  being  the  same,  and  when  we 
find  beds,  like  the  conglomeratic  and  carbonaceous  slates,  both  of  which,  and 
especially  the  former,  point  to  special  and  unusual  conditions  of  deposition,  com- 
mon to  the  two,  this  suggestion  acquires  a  degree  of  probability  which  closely 
approaches  a  certainty. 

'  Dr.    tolicska's  route  lay  along  the  right  bank. 
*  Rec.  G.  S.  of  I.,  XII,  p.  63. 
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Receni  and  Glacial  Deposits  of  the  Baheh  Pass. — One  of  the  most  striking 
features  noticeable  on  this  route  is  the  marked  absence  of  distinct  traces  of  glaciers 
south  of  the  pass  and  their  conspicuousness  north  of  it.  The  valley  of  the 
Wangar  is  straight  and  open,  and  without  interlocking  spurs— a  feature  often 
regarded  as  characteristic  of  glacier  action.  But  as  the  valley  has  been  filled 
to  some  hundreds  of  feet  with  recent  river  gravels  which  have  been  largely  re- 
excavated  by  the  stream  this  feature  is  not  conclusive:  for  once  deposition 
begins  to  take  place  in  a  rocky  valley  the  stream  is  no  longer  confined  to  one 
channel  but  is  free  to  wander  over  the  gravelly  bottom  of  the  valley  and  impinge 
on  one  spur  after  the  other,  gradually  cutting  away  their  extremities  and  so  forming 
a  straight  and  open  valley.  This  may  be  seen  everjrwhere  in  the  Himalayas 
where  a  stream  is  flowing  in  a  gravelly  bottom ;  often  the  oldstraight  valley  with 
its  floor  of  deposition  can  be  traced,  while  at  a  lower  level  the  stream  flows  in  a 
narrow  tortuous  channel  with  interlocking  spurs. 

The  mere  openness  of  the  valley  is  not,  therefore,  by  itself  a  proof  of  its 
having  been  filled  by  a  glacier.  Nor  are  any  moraines  seen  south  of  the  pass, 
though  there  are  several  landslips  which  might  pass  for  moraines.  The  first  of 
these  forms  a  pine-clad  barrier  stretching  across  the  valley  immediately  below 
the  summer  grazing  ground  of  Muling.  In  form  it  resembles  a  moraine,  but 
it  contains  no  fragments  of  the  slate  which  forms  all  the  hills  at  the  head  of  the 
valley,  while  immediately  above  it  is  a  recent  landslip  repeating  its  features  on 
a  smaller  scale.  This  landslip,  which  was  said  to  have  fallen  last  year,  extended 
across  the  river  channel  and  evidently  for  a  time  dammed  it  back  as  the  barrier 
has  been  breached,  leaving  a  portion  of  the  landslip  separated  from  its  source 
by  the  river  channel.  Although  breached  it  has  not  been  without  influence  on 
the  river,  for  above  it  the  spread-out  shallow  course  of  the  stream  and  the  partially 
buried  trees  shew  that  the  gradient  has  been  checked  and  that  deposition  is 
taking  place. 

Further  up-stream  there  is  again  what  might  be  mistaken  for  a  moraine 
were  it  not  that  the  deposit  consists  entirely  of  blocks  of  porphyritic  granite  fallen 
from  above ;  while  there  is  not  a  single  block  of  the  slate  which  commences  a  mile 
higher  up  and  extends  to  the  watershed. 

Above  Portirang,  whence  the  track  strikes  up  from  the  valley  to  cross  the 
Babeh  pass,  there  is  another  old  landslip,  and  above  it  a  plain  of  sand  and  fine 
gravel  which  seems  to  occupy  the  position  of  a  former  lakelet  dammed  by 
the  landslip. 

From  Portirang  the  path  ascends  a  steep  slope  of  debris,  and  here  we  first  come 
upon  an  indubitable  moraine,  for  this  slope  is  that  of  the  moraine  of  a  small  glacier 
which,  descending  from  the  pass,  rode  out  into  the  valley  over  its  own  moraine. 

North  of  the  pass  there  is  a  landslip  just  above  Prida  ;^  and  at  Prada  a  hum- 
mocky  grass-clad  surface  which  appears  to  be  a  moraine.  Lower  down,  the  valley 
broadens  out,  and  at  Baldar  there  is  a  perfectly  preserved  moraine  stretching 
across  the  valley  in  a  crescent,  convex  down-stream. 

Below  Baldar  the  bottom  of  the  valley  is  occupied  by  river  deposits  of  rounded 

'  This  is  Baldar  of  the  map ;  Baldar,  misprinted  Balair  in  Dr.  Stoliczka's  memoir,  p.  18,  is 
further  down,  at  the  junction  of  the  first  considerable  stream  from  the  east.] 
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g^ravel,  but  over  these  a  glacier  must  have  travelled,  for  less  than  a  mile  above 

I^dth  there  are  the  remains  of  an  old  moraine  resting  on  the  river  gravels. 

We  have  consequently  distinct  traces  of  glaciers  having  extended  on  the  north 

side  of  the  pass  to  a  distance  of  3,000  feet  below  and  17  miles  from  the  crest; 

^hile   on  the  south  side  no  certain  traces  can  be  found  more  than  1,000  feet  below 

and  about  ^  mile  from  the  crest. 

This  difference  is  paralleled  by  the  present  distribution  of  ice ;  south  of  the 
pass  there  is  said  to  be  a  small  glacier ;  I  was  not  able  to  determine  its  extent 
as  the  whole  country  was  covered  with  snow,  but  it  cannot  extend  for  more  than  a  % 
mile.  To  the  north,  on  the  contrary,  the  descent  leads  for  over  2,000  feet  and  lyi 
miles  over  the  Babeh  glacier.  The  contrast  is  doubtless  due  to  the  fact  that  the 
waste  is  much  less  on  the  north  than  on  the  south  side  of  the  pass ;  not  only 
from  the  intensity  of  the  sunshine  being  less,  but  to  a  much  larger  extent  owing 
to  the  comparative  absence  of  rain,  little  of  which  falls  north  of  the  pass,  while 
there  is  probably  a  much  less  proportional  difference  in  the  snowfall. 

Recent  Deposits  of  the  Spiti  Valley, — In  the  valley  of  the  Spiti  recent  deposits 
are  largely  developed  and  extend  high  up  the  N,  E.  side  of  the  valley.  It  is  note- 
worthy that  the  slope  of  the  obscure  bedding  in  some  of  these  shews  them  to  be 
portions  of  talus  fans  which  came  from  the  S.  W.,  so  that  it  becomes  clear  that  as 
the  Spiti  river  excavated  its  course  in  the  neighbourhood  of  Dhankar  it  worked  out 
a  channel  lying  S.  W.  of  its  original  one. 

It  is  evident  from  an  examination  of  these  deposits  that  the  Spiti  river  has  seen 
many  vicissitudes  and  has  frequently  changed  from  erosion  to  deposition  and  vice 
versd.  At  one  time  its  valley  for  many  a  mile  was  occupied  by  a  lake  whose  only 
vestiges  now  are  whitened  cliffs  of  fine  laminated  clay  which  can  be  seen  at  intervals 
from  near  the  bridge  at  Mani  to  near  Lira,  a  distance  of  9  or  10  miles.  The  stuff 
is  fine  and  clayey ;  on  the  surface  it  weathers  pale  yellowish-white,  but  inside  it  is 
of  a  grey  colour ;  where  not  covered  by  rain-wash  it  may  be  seen  to  be  finely  stratified; 
near  the  sides  of  the  valley  strings  of  angular  gravel  tail  off  into  it,  while  everywhere 
small  pebbles  are  to  be  found  though  rarely ;  in  composition  it  consists  largely  of  finely 
comminuted  limestone,  in  consequence  of  which  it  effervesces  freely  with  acid  and 
a  large  proportion  is  dissolved.  From  these  facts  it  is  not  difficult  to  conclude 
that  the  stuff  is  mainly  if  not  entirely  glacier-mud  which  has  been  deposited  in  a 
lake. 

Ladak  and  Kashmir. 

Gneissose  and  Granitic  Rocks  of  Rupshu  and  Ladak. — ^These  have  been  referred 
to  by  both  Mr.  Lydekker  and  Dr.  Stoliczka,  but  as  neither  distinguished  between 
gneiss  and  granite  their  descriptions  leave  much  to  be  desired. 

The  rocks  on  the  shores  of  the  Tso  Morari  are  not  gneiss  as  marked  on  Mr. 
Lydekker's  map  but  slates  mostly  somewhat  schistose  and  limestones.  Among 
these  there  is  an  intrusion  of  gneissose  granite  which  sends  off  many  veins  running 
through  and  among  the  slates ;  this  is  the  southern  of  the  two  exposures  of  gneiss 
mentioned  by  Dr.  Stoliczka  on  p.  127  of  his  memoir. 

North  of  the  Tso  Morari  the  slates  &c.  are  unconformably  underlaid  by  a  true 
gneiss  series,  distinctly  stratified,  with  the  foliation  parallel  to  the  stratification,  which 
extends  to  the  southern  boundary  of  the  Indus  Valley  Tertiarics. 
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The  next  exposure  seen  belonged  to  the  Ladak  range.  This  rock  I  saw  on  the 
pass  between  Maya  and  Shushul,  again  on  the  Chang  La  and  along  the  north  bank 
of  the  Indus  from  Ladak  to  near  Nurla.  Everywhere  the  rock  was  a  syenite,  on  the 
Chang  La  micaceous,  shewing  no  signs  of  stratification  or  foliation.  Mr.  Lydekker 
has  described  it  to  the  west  of  Leh  as  having  a  dip  to  N.  £. ;  all  I  could  detect  was 
a  parallel  system  of  joints  dipping  in  that  direction,  but  there  was  no  division  of  the 
rock  into  bands  differing  from  each  other  in  composition.  On  the  contrary  it  pre- 
sents all  the  characters  of  an  igneous  rock,  meaning  thereby  a  rock  which  has  solidi- 
fied from  a  fiuid  condition.  Inclusions  of  finer-grained  rock  differing  in  composi- 
tion from  the  main  mass  are  frequent,  but  besides  this  there  are  great  variations  in 
the  composition  oithe  rock :  large  masses  of  highly  hornblendic  rock  ramify  through 
the  syenite  and  intrusions  are  frequent. 

The  whole  mass  so  far  as  its  composition  goes  might  be  intrusive,  but  if  so  the 
intrusion  was  of  long  pre-tertiary  date,  for  the  bottom  beds  of  the  tertiaries  rest  on  an 
eroded  surface  of  the  syenite,  indicating  a  lapse  of  time  sufficient  for  the  removal  of 
the  vast  thickness  of  rock  that  once  overlaid  the  syenite.  Whether  the  latter  is 
Archaean  or  no  older  than  the  granite  intrusions  of  the  outer  hills  I  am  unable  to  say. 

The  high  range  south  of  the  Pangong  lake,  where  crossed  by  the  road  from 
Shushal,  consists  of  gneiss  with  intrusive  veins  of  gneissose  granite. 

Finally  the  Tertiaries  at  Khargil  rest  on  an  unfoliated  granitic  rock  containing 
hornblende,  whose  relation  to  the  Tertiaries  is  the  same  as  that  of  the  Ladak  range. 

The  Indus  Valley  Tertiaries, — As  these  have  already  been  described  by  Mr. 
Lydekker  more  fully  than  I  could  do,  I  shall  confine  myself  to  considering  the  con- 
clusions that  may  be  drawn  from  them. 

To  begin  with  the  serpentine  rocks  :  both  Dr.  Stoliczka  and  Mr.  Lydekker  speak 
with  uncertain  voice  regarding  their  mode  of  origin,  but  both  convey  the  impres- 
sion that  they  form  a  large  intrusive  mass,  though  in  both  descriptions  there  are  not 
wanting  indications  that  the  authors  did  not  altogether  accept  this  conclusion. 

I  crossed  these  rocks  once  on  the  section  from  Puga  to  Maya  and  again  between 
Leh  and  Kashmir.  In  both  cases  I  found  beds  of  clastic  origin,  ashes  and  ag- 
glomerates interstratified  with  traps.  To  take  the  first-named  section :  starting 
from  Puga  the  first  rock  seen,  after  leaving  the  gneiss,  is  a  serpentinous  slate ;  this  is 
succeeded  by  a  conglomerate  or  breccia  of  slate  and  limestone,  the  fragments  all 
flattened  by  pressure  and  traversed  by  an  imperfect  cleavage,  and  fine-grained  lami- 
nated beds  with  fragments  of  rock  included.  The  matrix  of  these  rocks  contains 
many  small  fragments  of  pyroxene.  Further  on  the  volcanic  facies  becomes  more 
marked  and  we  have  tuff  and  ashes  with  dense  pyroxenic  traps,  all  of  which  have 
undergone  more  or  less  complete  serpentinous  change. 

Where  the  stream  bends  to  the  east  the  dip  of  the  beds,  which  had  been  north- 
wards, changes  to  south  but  is  very  obscure.  At  the  bend  of  the  stream  a  bed  of 
limestone  occurs  among  the  volcanics  but  is  cut  up  by  faults  into  small  patches 
of  a  few  yards  across  scattered  up  and  down  the  hill  side  in  a  most  perplexing  man- 
ner, and  this  intense  cutting  up  of  the  beds  is  sufficient  to  account  for  the  absence 
of  distinct  and  continuous  bedding  in  the  traps. 

As  to  the  interpretation  of  the  section,  it  would  at  first  appear  that  from  Puga 
to  the  bend  in  the  stream  there  was  an  ascending  and  below  that  a  descending  sec- 
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idon;  the  crystalline  limestone  occupying  the  centre  of  a  synclinal.  But  lower 
down-stream  this  same  limestone  occurs  on  the  hills  south  of  the  valley  above  the 
dense  traps,  and  to  judge  by  the  fragments  brought  down  by  streams,  is  overlaid  by 
beds  very  like  those  seen  in  contact  with  the  gneiss. 

On  the  section  along  the  Kashmir  road  these  features  are  not  so  well  seen,  but 
even  there  ash-beds  can  be  found  among  the  traps.  So  there  can  be  but  little 
doubt  that  we  have  here  a  true  volcanic  series. 

I  must  not  be  misunderstood  to  deny  the  existence  of  intrusive  rocks ;  I  have 
myself  seen  these  some  miles  south  of  Karz6k  on  the  Tso  Morari  and  as  far  north 
as  Shushal.  Intrusive  rocks  doubtless  occur  among  the  volcanics, — indeed  this  is 
but  what  might  be  expected  and  may  doubtless  account  for  the  ambiguity  in  the 
two  published  descriptions. 

As  to  the  lithology  of  the  beds,  beyond  what  is  implied  in  the  above  passages, 
nothing  need  be  added  to  the  descriptions  of  Dr.  Stoliczka,  Mr.  Lydekker,  and  later, 
of  Colonel  McMahon. 

I  must  next  consider  the  supposed  evidences  of  glacial  action  exhibited  by  the 
lowermost  beds  in  the  Indus  valley.  As  described  by  Mr.  Lydekker  the  sandstones 
contain  boulders  of  gneiss  often  several  feet  in  diameter.  ''  Some  of  the  isolated 
boulders  shew  the  beds  of  the  sandstone  bending  down  below  them;  and  the 
polishing  and  smoothing  of  some  of  the  others  seems  suggestive  of  ice  action." 

So  far  as  my  observations  go  I  saw  no  blocks  smoothed  and  striated  in  the  man- 
ner characteristic  of  glacial  action ;  nor  did  I  see  any  case  of  the  bedding  of  the 
sandstones  being  bent  down  under  the  blocks,  though  the  bedding  in  their  neigh- 
bourhood sometimes  shewed  a  disturbance  evidently  due  to  eddies  caused  by  the 
boulder,  and  except  for  the  size  of  many  of  the  blocks  there  is  no  necessity  to 
invoke  glacial  action.  But  among  these  sandstones  there  are  many  thick  banks  of 
angular  blocks  of  stone  ranging  to  many  feet  across  and  shewing  for  the  most  part 
a  sharp  angular  outline.  They  must  consequently  have  been  derived  from  the 
immediate  neighbourhood  or  else  transported  by  some  agency — such  as  floating  ice 
— that  would  not  expose  them  to  abrasion.  Now  in  these  banks  only  a  very  small 
proportion  of  the  fragments  consists  of  the  syenite  of  the  Ladak  range,  while  the 
bulk  of  them  are  an  intensely  hard  homstone  porphyry  which  has  not  been  seen  by 
me — or  so  far  as  I  can  find  out  by  any  other  observer — in  the  Himalayas.  It  is 
precisely  similar  to  the  Maldni  porphyries  of  Western  Rajputana ;  and  in  Srinagur 
I  was  shewn  some  pieces  of  a  similar  stone  said  to  have  come  from  Badakshan. 

Besides  this  indication  of  glacial  agency  there  may  be  mentioned  the  presence 
of  undecomposed  felspar,  doubtless  derived  from  the  crystalline  rocks  of  the  Ladak 
range  on  which  the  tertiary  beds  rest,  in  the  sandstones,  some  of  the  beds  being 
principally  composed  of  it. 

In  the  Himalayas  I  have  not  found  the  crystalline  rocks  decomposing  into  sand 
containing  fragments  of  undecomposed  felspar  at  lower  altitudes  than  14,000  feet, 
and  the  very  common  association  of  undecomposed  felspar  with  other  indications  of 
an  extreme  climate  justifies  us  in  looking  on  it  by  itself,  as  an  indication  of  a  cold 
climate.  In  the  present  case  independent  evidence  is  also  available,  and  the  occur- 
rence  of  a  glacial  epoch  at  the  close  of  the  Cretaceous  or  early  in  tlie  Eocene  period 
may  be  looked  upon  as  extremely  probable  if  not  actually  proved. 


156  Records  of  the  Geological  Survey  of  India.  [VOL.  XXI. 

Original  exieni  of  the  Indus  Tertiaries. ^Boih  Dr.  Stoliczka  and  Mr.  Lydekker 
have  regarded  the  present  extent  of  these  beds  as  marking  very  closely  their  original 
extension,  but  as  the  evidence  appears  to  me  hardly  to  support  this  conclusion,  and 
as  the  question  is  one  that  has  an  important  bearing  on  the  theory  of  the  Himalayas* 
it  will  be  well  to  enquire  into  the  matter  more  fully  than  has  yet  been  done. 

As  regards  the  north-eastern  and  north-western  boundaries,  they  most  distinctly 
mark  the  original  limit  of  the  lower  beds  of  the  series,  for  these  can  be  seen  to  abut 
against  the  syenite  of  the  Ladak  range.  On  the  south-west  the  beds  have  suffered 
much  disturbance  and  the  boundary  is  not  one  of  original  contact,  so  that  there  is  no 
direct  proof  that  the  Tertiaries  may  not  have  extended  far  to  the  south.  Nor  does  it 
follow,  because  the  original  extension  of  the  lower  group  to  the  northwards  is  closely 
marked  by  its  present  limits,  that  the  upper  members  of  a  series  many  thousands 
of  feet  in  thickness  were  similarly  limited  in  their  extension. 

With  regard  to  the  volcanic  beds  there  are  ample  indications  of  a  much  larger 
area  having  been  covered  by  them  than  is  now  the  case.  Not  only  are  intrusive 
masses  of  pyroxenic  trap,  evidently  of  the  same  age  as  the  Tertiary  volcanics,  found 
as  far  south  as  the  Tso  Morari  and  as  far  north  as  Shushal,  but  Mr.  Lydekker  has 
recorded  the  occurrence  of  a  large  outlier  of  the  tertiary  traps  in  central  Zinskir;^ 
this  was  not  examined  in  situ,  and  it  is  uncertain  whether  they  belong  to  the  bedded 
volcanic  series  or  are  intrusive.  If  the  former,  their  occurrence  on  beds  of  Jurassic  age, 
without  the  intervention  of  the  lower  group  of  the  Indus  Tertiaries,  would  point  to  an 
overlap  and  limitation  of  the  series  in  a  southerly  direction.  But  if  the  Zdnskar 
outlier  is  intrusive,  then  it  is  probably  only  the  core  of  one  of  the  old  Tertiary  volcanoes. 

From  the  above  considerations  it  will  follow  that  the  supposed  original  limit- 
ation of  the  Tertiaries  to  the  narrow  region  they  now  occupy  is  only  proved  in  the  case 
of  the  lowest  group,  and  then  only  of  the  north-western  and  north-eastern  bound- 
aries ;  while  as  regards  the  south-western  boundary  and  the  volcanic  group  and  the 
beds  above  it  there  are  distinct  indications  of  an  original  greater  extension,  and  there 
is  only  negative  evidence  against  their  having  been  originally  continuous  with  the 
Eocene  beds  of  Chang-chengmo  and  the  outer  Himalayas. 

Origin  of  the  Rupshu  Lakes, — It  has  been  usual,  since  the  publication  of  Mr. 
Drew*s  paper,  to  ascribe  t|je  origin  of  these  lakes  simply  to  the  damming  of  river 
valleys  by  the  fans  of  their  tributaries.  The  barriers  now  visible  are  certainly  talus 
fans,  and  these  must  extend  to  some  depth  below  the  former  water-levels  of  the 
lakes  ;  in  some  cases  it  may  be  that  they  form  the  entire  barrier. 

Yet  it  is  not  easy  to  understand  how  a  lake  could  be  formed  in  this  manner;  it 
would  certainly  be  more  natural  to  suppose  that  the  main  stream  would  be  able  to 
keep  its  channel  open.  There  is  however  one  way  in  which  these  lakes  might  be 
directly  formed  by  talus  dams  and  yet  the  ultimate  cause  be  very  different.  If  we 
suppose  that  any  portion  of  a  river  valley  were  elevated  more  rapidly  than  the  rate  of 
erosion  of  the  river, — a  not  very  difficult  supposition  in  so  rainless  a  country, — the 
barrier  so  raised  would  react  up  stream  and  cause  the  formation  of  a  sloping  surface 
of  river  gravels.  If  then  for  some  distance  the  configuration  of  the  river  valley  was 
such  that  but  little  debris  was  shed  into  it  and  below  this  region  the  amount  of  debris 

'Mem.  G.  S.  of  I.,  XXII,  116. 
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suddenly  increased,  it  is  quite  conceivable  that  the  rock  barrier  lower  down  might 
prevent  this  being  carried  away  as  fast  as  it  was  shed  and  so  a  talus  dam  formed 
across  the  valley. 

There  is  one  fact  about  the  lakes  which  is  difficult  to  reconcile  with  the  theory 
that  they  are  due  to  talus  dams  formed  under  climatic  conditions  differing  from  the 
present,  and  that  is  the  very  various  degrees  of  dessication  they  present.  The  Hanle 
lake  is  now  quite  dry.^  The  Lingzitharig  lake  is  almost  dried  up,  the  present  area 
of  permanent  salt  lake  being  less  than  one  tenth  of  the  original  area.  The  salt  lake  of 
Rupshu  occupies  one  eighth  of  its  original  extent,'  the  Pangong  lake  about  one  half, 
while  the  Tso  Morari  has  contracted  but  one  fifth  and  now  has  at  least  four  fifths  of 
its  original  extent.*  Had  the  lakes  all  been  formed  at  one  period  they  would  hardly 
exhibit  these  extreme  variations  in  their  degree  of  dessication,  and  this  renders  it 
more  probable  that  some  explanation  such  as  I  have  proposed  is  the  true  one,  as 
this  would  allow  of  the  lakes  having  been  formed  at  different  periods,  and  of  their 
consequent  varying  degrees  of  dessication. 

Before  leaving  this  subject  it  may  be  well  to  suggest  that  the  gradual  and  pro- 
gressive drying  up  of  Ladak  appears  to  me  to  have  been  a  direct  result  of  the 
gradual  elevation  of  the  Himalayas  which  in  course  of  time  cut  off  a  larger  and  larger 
proportion  of  the  moisture  coming  from  the  South. 

Lake  Basin  and  Karewahs  of  Kashmir. 

The  only  two  hypotheses  which  appear  to  have  been  suggested  with  regard  to 
the  orgin  of  the  Kashmir  Valley  and  more  especially  of  the  Karewahs  are  (i)  that  the 
dam  was  a  glacier  descending  into  the  Jhelum  valley,  (2)  a  talus  fan  similar  to  the 
supposed  barriers  of  the  Rupshu  lakes.  The  more  obvious  hypothesis  that  it  was 
a  rock  barrier  since  cut  through  appears  to  have  been  regarded  with  but  little  favour. 

In  considering  this  question  it  is  necessary  to  bear  in  mind  that,  though  the 
largest  and  best  known,  Kashmir  is  not  the  only  alluvial  valley  within  the  limits  of  the 
Himalayas.  On  the  contrary  it  may  be  stated  as  a  general  rule  that  alluvial  deposits 
of  varying  extent  may  be  found  in  every  river  valley  above  where  it  enters  what  can 
be  shewn  to  be  a  region  of  special  elevation.  The  only  explanation  of  this  peculiarity 
seems  to  be  in  the  supposition  that  during  the  elevation  ot  the  Himalayas  there  have 
been  times  when  the  rocky  bed  of  a  river  has  been  elevated  more  rapidly  than  it  could 
erode  its  channel  and  thus  a  deposit  formed  above  the  barrier.  A  similar  explanation 
I  believe  to  be  the  true  one  in  the  case  of  Kashmir  and  the  greater  extent  of  the  valley 
to  be  in  part  due  to  its  drainage  escaping  across  the  junction  of  the  Pir  Panjal  and 
Hagara  systems  of  disturbance,  a  region  which  may  well  have  been  exposed  to  more 
repeated  and  extensive  upheavals  than  other  parts  of  the  Himalayas. 

The  principal  reason  why  other  hypotheses  have  been  adopted  appears  to  be  the 
supposed  lacustrine  origin  of  the  Karewahs.  This  however  I  find  to  be  extremely 
doubtful.  In  many  places  beds  of  indubitable  lacustrine  origin  may  be  found 
among  the  Karewahs,  but  the  bulk  of  them  are  plainly  of  subaerial  origin ;  just  as  at 
the  present  day  alluvium  is  being  deposited  subaerially  over  large  areas  in  the  valley, 

'  Mem.  G.  S.  of  I.,  V,  p.  130.  •  Op,  cit,  p.  305. 

'  Drew  ;  ''Jummoo  and  Kashmir,*'  p.  398. 
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but  here  and  there,  in  hollows  left  by  irregularity  of  deposition  of  the  alluvium,  true 
lacustrine  deposits  are  being  formed.  It  seems  probable  that  while  nearly  every 
part  of  the  valley  was  at  one  time  or  another  occupied  by  a  sheet  of  water  there 
never  was  at  one  time  a  lake  extending  over  the  whole  area  of  the  valley. 

Geology  of  the  road  from  Kashmir  to  Chamha,'^'T\i\s  is  the  only  part  of  my 
route  which  crossed  entirely  new  ground  and  will  consequently  be  described  in 
greater  detail  than  the  rest 

Leaving  the  Noroboog  valley  I  marched  up  the  Rajpiran  valley  and  crossed  into 
the  drainage  area  of  the  Wardwdn  by  the  Chingam  pass.  The  rocks  up  to  this  be- 
long  to  the  ''  Panjal  system"  of  Mr.  Lydekker  except  near  the  pass  where  quartzites 
occur  apparently  belonging  to  the  Kuling  series,  and  about  four  miles  west  of  the 
pass  there  is  an  exposure  of  pebble  slate  with  black  carbonaceous  rock. 

The  head  of  the  valley  leading  down  to  Shingaip  (Chingram)  is  excavated  on  an 
anticlinal.  At  the  base  are  slates,  and  above  these  come  quartzites  interbedded  with 
some  black  carbonaceous  bands  and  volcanic  beds.  At  one  spot,  in  the  second 
tributary  stream  flowing  from  the  south,  I  was  fortunate  enough  to  obtain  some 
fossils  which  have  not  yet  been  examined  in  detail  but  appear  to  be  of  Kuling  age. 
It  is  noteworthy  that  here  they  occur  well  below  the  great  development  of  the 
volcanic  beds,  unless  there  is  a  very  complicated  inversion  on  both  sides  of  the  valley 
of  which  I  found  no  proof. 

A  curious  feature  may  be  observed  near  the  head  of  this  tributary.  On  the  hill 
side  there  is  a  sudden  step  or  bank,  commencing  gradually  and  reaching  a  height  of 
about  six  to  eight  feet;  it  runs  along  the  hill  side  with  a  general  course  to  W.  I5°N., 
coinciding  with  the  strike  of  the  beds,  but  V-ing  to  the  south  in  the  valleys.  It  crosses 
the  head  of  the  next  tributary,  and  in  two  of  the  minor  drainage  depressions  which 
are  not  large  enough  to  have  a  defined  stream-bed,  it  has  formed  small  hollows  in 
which  water  appears  to  rest  after  heavy  rain.  On  the  watershed  between  the 
Shlngam  and  Rajparan  drainages  it  appears  as  a  sudden  step  on  the  ridge,  rendered 
more  conspicuous  by  a  talus  bare  of  vegetation  which  contrasts  strongly  with  the 
grass-clad  slopes  on  either  side. 

Westwards  from  the  ridge  it  can  be  traced  as  a  sudden  step,  or  elevation  on  the 
down  hill  side,  running  across  an  old  moraine  deposit  which  once  formed  the  bed  of 
a  glacier,  and  on  this  there  is  a  small  pond  naturally  dammed  by  the  elevation.  I 
was  not  able  to  trace  the  full  extent  of  this  feature  owing  to  clouds  but  it  appears  to 
vanish  about  \  mile  west  of  the  watershed. 

The  only  cause  to  which  I  can  ascribe  this  is  the  actual  appearance  of  a  fault  at 
the  surface.  I  have  already  noticed  a  much  more  conspicuous  instance  in  the  hills 
south  of  the  Giri  valley  between  old  Sirmur  and  Nahan,  but  it  may  be  noticed  that 
in  the  present  case  the  fault  is  a  normal  one,  />.,  it  hades  to  the  downthrow,  while 
the  Sirmur  fault  follows  the  almost  invariable  rule  of  Himalayan  faults  and  is  '  re- 
versed.' The  feature  I  have  described  is  of  recent  origin  as  is  shewn  by  the  little 
effect  that  denudation  has  had  on  it,  as  well  as  by  the  manner  in  which  it  traverses 
what  appears  10  be  the  bed  of  an  old  glacier.  The  fact  that  it  has  in  one  place  been 
able  to  form  a  permanent  pond  points  to  the  sudden  origin  of  the  feature,  which 
probably  accompanied  one  of  the  .violent  earthquakes  which  are  known  to  have 
affected  Kashmir  in  the  past. 
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Descending  the  Shinton  valley,  slates  continue  with  a  high  dip  varying  in  direc- 
tion between  north  and  east,  but  towards  Mogaimaidan  they  become  schistose  and 
gametiferouSy  while  all  the  streams  leading  down  from  the  north  contain  boulders  of 
gneissose  granite. 

From  Mogaimaidan  to  Kishtwar  mica  and  hornblende  schists  dip  at  high  angles 
with  a  strike  which  has  bent  round  to  north  and  south,  varying  however  up  to  15^ 
on  either  side,  but  usually  not  more  than  this. 

Beyond  Kishtwar  a  true  gneiss  series  comes  in  suddenly,  the  junction  with  the 
schists  being  hidden  by  recent  deposits.  The  gneiss  has  a  general  dip  to  south-west, 
and  the  Chenab  flows  along  the  strike  and  apparently  close  to  the  boundary  between  the 
gneiss  and  the  overlying  schists.  In  the  Wariri  valley  a  quantity  of  blue  kyanite 
occurs  in  the  gneiss  by  the  road  side  and  the  same  mineral  is  seen  at  intervals  as  far 
as  Kandni. 

Beyond  E^ndni  the  dip  of  the  gneiss  gets  irregular  and  turns  ultimately  round  to 
ttortb-west.  At  the 'Khar  gad,' schists  come  in,  and  no  more  gneiss  is  seen  till 
Idxyve  Nandan;  on  the  road  to  Joru,  a  band  of  gneiss  or  gneissose  granite  was 
^crbttied. 

The  gneiss  seen  in  the  Chenab  valley  was  the  true  bedded  gheiss  such  as  is  seen 
im  ibe  Biabeh  pass  section  and  not  a  gneissose  granite.  The  junction  with  the  schist 
ittfies  c<hild  not  unfortunately  be  observed  on  a  traverse,  and  I  am  at  present  un- 
'iDertaan  whether  there  is  a  gradual  transition  or  unconformable  break. 

In  the  valley  crossed  by  the  road  a  few  miles  before  reaching  Badrawdr  felspathic 

\diSt  again  appears  underlying  the  schists.    What  was  seen  was  all  very  decomposed, 

•0  its  true  nature  was  not  determinable  and  I  am  not  certain  whether  it  is  a  true 

^eiss  or  a  metamorphosed  arkose  rock.    To  a  slight  degree  it  resembled  the  latter, 

?'     'Imt  k  is  altogether  more  probable  that  it  is  either  a  true  gneiss,  or  gneissose  granite. 

-.'    iThc  dip  of  the  beds  is  to  north-east  at  30®  to  40®  on  the  average  and  the  whole 

\  .  "^ttottdhation'of  the  spur  is  gneiss. 

?:*  *      The  rocks  composing  the  ridge  crossed  between  this  valley  and  the  town  of  Badra- 

^iMEr  are  schistose  slates,  so  much  less  metamorphosed  than  those  to  the  north  and 

"otftlbiting  so  sudden  a  change  that  it  is  probable  they  are  brought  in  by  a  fault. 

*      At  Badraw^  innumerable  blocks  of  gneissose  granite  may  be  seen,  which  have 

come  from  the  west  down  the  streams  draining  from  the  Kund  Kaplas,  but  the  rocks 

im  tilu  as  far  as  Tendla  were  grey  slates  dipping  north-eastwards. '  From  Tendla  on, 

I'-'    my  route  has  already  been  described  by  Colonel  McMahon,  and  on  a  mere  traverse 

I  saw  nothing  of  importance  to  add  to  his  description. 


*  « 


Note  dn  Blown-Sand  Rock   Sculpture;   by  R.  D.   Oldham,  A.R.S.M., 
F.G.S.,  Deputy  Superintendent ^  Geological  Survey  of  India,    (With  , 
one  plate.) 

There  is  a  very  general  impression  that  the  striated   surfaces  produced   by 
blown-sand  are  similar  to  those  produced  by  glacial  action,  and  when  pebbles 
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shewing  what  are  believed  to  be  glacial  stri»  were  lately  sent  to  Europe  from  the 
boulder-bearing  beds  at  the  base  of  the  Speckled  Sandstone  series  ef  the  Salt 
Range,  suggestions  were  hazarded  that  they  naight  have  been  produced  by  the 
action  of  blown-sand,  yet  so  far  as  my  experience  goes,  and  as  far  as  I  can  compare 
it  with  the  published  accounts  of  the  observations  of  others,  there  is  no  real  simi- 
larity between  the  effects  of  two  such  different  agencies. 

In  the  Desert  region  between  the  Aravalis  and  the  Indus  there  are  many  oppor- 
tunities of  studying  the  effect  of  blown-sand,  and  during  the  season  of  1886-87 
I  was  able  to  collect  some  specimens  exhibiting  its  peculiarities.  One  of  these  is 
depicted  in  the  accompanying  plate. 

The  principal  characteristic  of  a  surface  smoothed  by  blown-sand  lies  in 
numerous  broad  and  shallow  grooves,  deepest  at  the  end  from  which  the  wind  blows 
and  growing  shallower  as  they  advance,  giving  the  surface  an  appearance  of  having 
been  roughly  dressed  with  a  carpenter's  gouge.  The  scale  of  these  grooves  varies 
largely ;  on  the  surface  of  the  limestone  plateau  neatr  Jessalmer  they  are  two  or 
three  yards  long  and  four  to  six  inches  broad,  on  quartzite  boulders  or  the  hard  glassy 
sandstone  which  occasionally  occurs  they  are  no  larger  than  those  depicted  in  the 
plate.  This  form  of  surface  does  not  result  from  want  of  homogeneity  of  the  rock 
for  it  is  exhibited  alike  by  the  homogeneous  limestones  of  Jessalmer  and  by 
pure  quartz  pebbles, — in  the  latter  case,  however,  very  obscurely,  as  might  be  ex- 
pected, considering  that  the  rounded  sand  grains  can  have  very  little  erosive  action 
on  quartz.  In  the  specimen  of  grit  and  conglomerate  drawn,  there  are  of  course 
variations  of  texture,  but  these  do  not  appear  to  have  influenced  the  sculpturing 
which  traverses  the  matrix  and  the  enclosed  pebbles  indiscriminately. 

Apart  from  this  peculiar  sculpturing  the  nature  of  the  polish  imparted  to  all  hard 
rocks  and  pebbles  exposed  to  the  drifting  sand  is  peculiar ;  all  are  highly  polished, 
and  where,  owing  to  the  disintegration  of  a  conglomerate,  the  ground  is  covered  with 
pebbles,  they  glisten  in  the  sun  in  a  manner  that  makes  it  painful  to  travel  over 
them.  This  polish  is  however  very  different  to  that  of  a  lapidary  and  rather  resem- 
bles what  would  be  produced  by  oil  or  grease.  The  polish  sometimes  seen  on  a 
glaciated  pebble,  on  the  other  hand,  resembles  that  produced  by  a  lapidary ;  for  all 
the  irregularities  of  the  surface  are  rubbed  down,  while  the  sand-blast  polishes  all 
the  little  irregularities  of  the  surface,  alike  on  eminence  and  hollow. 


Re-discovery  of  Nummulltes  it^  Z^nsk^r,  by  ToM.  D.  LaTouCHB,  B.A., 
Deputy  Superintendent^  Geological  Survey  of  India,  (With  one 
plate.) 

In  Vol.  XXII  of  the  Memoirs,  Geological  Survey  of  India,  at  page  1 1 5,  under  the 
heading  *  Reputed  Tertiaries  in  ZanskAr,'  mention  is  made  of  certain  nummulites, 
said  to  have  been  obtained  by  Dr.  T.  Thomson  in   1852  from  the  Singhe  la,  on 
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the  road  between  Khalsi  on  the  Indus  and  Padam  in  Z&nsldLr,  which  nummulites 
were  described  by  MM.  D'Archiac  and  Haime  in  1853  as  N.  raymondi  (t'did. 
p.  1 1).  The  writer  of  the  Memoir  goes  on  to  say :  **  The  majority  of  the  rocks  on  the 
Singhe  1&  consist  of  dolomites,  limestones,  and  slates  of  mesozoic  age ;  and  as  terti- 
ary rocks  have  not  been  detected  among  them,  the  reputed  origin  of  these  num« 
mulites  must  be  regarded  as  open  to  a  very  strong  element  of  doubt ;"  and  suggests 
that  they  may  have  been  obtained  from  a  pass  with  a  similar  name,  the  Shingo  li, 
between  Leh  and  Skiu,  on  which  nummulitic  rocks  are  plentiful  (I'^iV/.,  p.  107) 
though*  **  as  Dr.  Thomson  did  not  apparently  traverse  this  route^  it  seems  doubtful 
if  this  solution  of  the  difficulty  can  be  admitted." 

Having  recently  had  occasion  to  cross  the  Singhe  1&  (Singala  of  Quarter  Sheet,  45 
S.W.  of  the  Atlas  of  India,  in  approximate  Lat.  33**  58'  N.,  Long.  76**  58'  E.),  I  made 
a  search  for  these  nummulites,  and  was  fortunate  enough  to  find  them,  thus  confirm- 
ing the  accuracy  of  Dr.  Thomson's  statement.  Moreover,  I  was  able  (the  pass  and 
surrounding  hills  being  almost  free  from  snow)  to  trace  the  fragments  of  rock  in 
which  the  fossils  occur  on  the  pass  to  their  source,  and  to  make  some  observations 
on  the  relations  of  the  nummuliferous  rocks  to  the  underlying  mesozoics. 

I  first  came  upon  the  nummulites  at  Linshot,  a  village  at  an  altitude  of  x  2,850  feet, 
lying  on  the  southern  slopes  of  the  range  crossed  by  the  Singhe  \&,  and  about  5^ 
miles  to  the  west  of  the  pass.  Here  they  occur  in  numerous  large  boulders  of  lime- 
stone, embedded  in  the  drift  with  which  the  valley  is  partially  filled.  Some  of  these 
boulders  are  of  very  large  size,  one  measuring  40  feet  by  20  feet  in  diameter,  and  are 
generally  crowded  with  nummulites.  They  have  evidently  been  carried  down  from 
above  the  precipitous  scarp,  north  of  the  village,  probably  by  a  glacier,  though  at 
the  present  day  there  are  none  on  the  southern  side  of  this  range.  The  rock  con- 
taining the  nummulites  is  a  very  dark  grey  limestone,  weathering  to  a  sooty  black 
colour,  and  giving  a  strong  fetid  odour  when  struck  or  broken  ;  it  is  traversed  by 
numerous  thin  veins  of  calcite. 

Between  Linshot  and  the  Singhe  1&  fragments  of  the  same  limestone,  filled  with 
nummulites,  are  very  numerous  in  the  talus  along  the  foot  of  the  scarp  to  the 
north,  especially  in  the  valley  in  which  the  village  of  Chunpa-do-Goma  is  situated, 
where  the  talus  is  almost  entirely  composed  of  them.  Blocks  of  grey  quartzite  from 
the  underlying  mesozoics,  forming  the  base  of  the  scarp,  are  also  very  common. 
Fragments  of  the  nummulitic  limestones  continue  to  be  found  across  the  Singhe  1& 
in  the  talus  from  the  cliffs  to  the  west  of  the  pass,  but  none  in  that  on  the  east ;  and 
to  the  north  as  far  as  the  large  side  stream,  joining  the  main  valley  about  half- 
way between  the  pass  and  Phothoksar.  This  stream  drains  the  northern  side  of 
the  range  between  the  Singhe  Ifi  and  Linshot.  Further  north  than  this,  as  far  as  the 
Spangthang  valley  above  Honupatta,  west  of  the  Sirsa  la  (Sirsirla),  beyond  which  I 
did  not  go,  I  could  find  no  trace  of  the  nummulites. 

The  rocks  from  which  these  fragments  have  been  derived  thus  appear  to  be 
confined  to  the  higher  portion  of  the  range  immediately  west  of  the  Singhe  \i. 
Owing  to  want  of  time,  I  was  able  to  ascend  the  range  at  only  one  point,  vtz,,  to  the 
peak  marked  Z^  on  the  map ;  here,  at  an  altitude  of  about  18,500  feet^  at  the  base  of 

*  Water  boiled  at  179*9°  P.  and  on  the  pass  (16,601  feet  according  to  the  map)  at  1^3*3^  P, 
a  difference  of  3*4°,  which  corresponds  to  about  1,900  feet  difference  in  altitude. 
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two  precipitously-scarped  masses,  rising  to  500  or  600  feet  higher,  and  forming  the 
summit  of  the  peak,  I  found  nummulites  in  situ,  and  numerous  fragments  crowded 
with  them  fallen  from  the  cliffs  above.  These  two  masses  are  built  up  of  layers,  from 
a  few  inches  to  over  a  foot  in  thickness,  of  the  same  black  fetid  limestone  that  is 
fotmd  in  fragments  in  the  talus  below  containing  nummulites ;  the  beds  dip  inwards 
from  the  north-east  and  south-west  respectively  at  an  angle  of  about  20^,  forming  a 
shallow  synclinal  with  its  axis  directed  downwards  towards  the  south-east,  so  that  the 
same  limestones  occur  at  a  much  lower  level  than  in  the  peak,  at  the  top  of  the 
scarp  running  west  from  the  pass  towards  Linshot. 

It  was  difficult  to  make  out  the  relations  of  the  nummulitic  limestones  with  the 
underlying  rocks,  owing  to  the  manner  in  which  the  hill-sides  below  the  peak  are 
smothered  in  talus,  outcrops  of  the  rocks  beneath  only  showing  through  in  detached 
patches;  and  this  difficulty  was  increased  by  the  sharp  folding  which  the  whole  of 
^e  rocks  have  undergone.  The  limestones,  however,  appear  to  rest  conformably 
on  thick  beds  of  grey  quartzite,  which  in  turn  are  underlaid  by  shales  forming  the 
pass  itself.  To  the  east  succeed  mesozoic  limestones  and  slates,  much  folded  and 
inverted,  so  that  at  the  pass  they  appear  to  be  resting  on  the  shales.  These  relations 
I  have  attempted  to  shew  in  the  accompanymg  section,  but  am  not  inclined  to 
guarantee  its  accuracy  in  every  detail. 

The  apparent  conformity  between  the  nummulitic  limestone  and  the  quartzite 
may  have  been  superinduced  by  folding  subsequent  to  the  deposition  of  the  tertia^ 
ries,  for  in  the  Indus  valley  the  nummuliferous  beds  occur  in  the  higher  zones  of 
the  series,  and  there  are  indications  of  an  overlap  on  the  southern  border  of  that 
area  (Mem.  G.  S.  of  I.,  Vol.  XXII,  pp.  107  and  no). 

It  is  thus  proved  beyond  doubt  that  in  middle  eocene  times  the  southern  shore 
line  of  the  tertiary  sea  (occupying  what  is  now  the  Indus  valley^  did  run  out  far  to 
the  south,  as  Mr.  Lydekker  supposes  may  have  been  the  case  (Jbid.j  p.  120),  and 
included  the  Singhe  \L  How  much  further  to  the  south  this  sea  extended  there  is 
no  evidence  to  shew,  as  no  nummulites  have  yet  been  found  on  any  of  the  passes 
between  the  Singhe  Id  and  the  great  range  south  of  Zdnskdr ;  but  the  absence  of 
conglomerates,  such  as  are  found  in  the  Indus  valley  below  the  nummulitic  beds, 
beneath  the  limestones  of  peak  Z\  would  seem  to  shew  that  the  shore-line  was  at 
a  considerable  distance.  That  it  was  not  connected  in  this  direction  with  the  sea 
occupying  the  basin  of  the  outer  hills,  seems  fairly  certain,  for  in  the  lower  Chenab 
valley,  where  two  large  inliers  of  Zdnskdr  rocks  occur,  Murree  sandstones  are  found 
immediately  in  contact  with  the  mesozoics  of  the  upper  and  nearer  inlier,  while  in 
the  lower  and  more  distant  one  nummulitic  limestones  intervene,  thus  indicating  a 
shore-line  to  the  north  in  that  area  in  middle  eocene  times  (ibid.,  p.  92). 

This  confirmation  of  Dr.  Thomson's  discovery  affords  further  evidence  of  the 
enormous  earth  movements  that  have  taken  place  in  the  north-west  Himalayan  area 
since  early  tertiary  times,  whereby  marine  strata  have  been  elevated  more  than  18,500 
feet  above  the  present  sea-level.  As  far  as  I  am  aware,  this  is  the  greatest  altitude 
at  which  marine  fossils  have  hitherto  been  obtained  in  situ. 
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two  precipitously-scarped  masses,  rising  to  500  or  600  feet  higher,  and  forming  the 
summit  of  the  peak,  I  found  nummulites  in  situ,  and  numerous  fragments  crowded 
with  them  fallen  from  the  cliffs  above.  These  two  masses  are  built  up  of  layers,  from 
a  few  inches  to  over  a  foot  in  thickness,  of  the  same  black  fetid  limestone  that  is 
found  in  fragments  in  the  talus  below  containing  nummulites  ;  the  beds  dip  inwards 
from  the  north-east  and  south-west  respectively  at  an  angle  of  about  20^,  forming  a 
shallow  synclmal  with  its  axis  directed  downwards  towards  the  south-east,  so  that  the 
same  limestones  occur  at  a  much  lower  level  than  in  the  peak,  at  the  lop  of  the 
scarp  running  west  from  the  pass  towards  Linshot. 

It  was  difficult  to  make  out  the  relations  of  the  nummulitic  limestones  with  the 
underlying  rocks,  owing  to  the  manner  in  which  the  hill-sides  below  the  peak  are 
smothered  in  talus,  outcrops  of  the  rocks  beneath  only  showing  through  in  detached 
patches;  and  this  difficulty  was  increased  by  the  sharp  folding  which  the  whole  of 
tiie  rocks  have  undergone.  The  limestones,  however,  appear  to  rest  conformably 
on  thick  beds  of  grey  quartzite,  which  in  turn  are  underlaid  by  shales  forming  the 
pass  itself.  To  the  east  succeed  mesozoic  limestones  and  slates,  much  folded  and 
inverted,  so  that  at  the  pass  they  appear  to  be  resting  on  the  shales.  These  relations 
I  have  attempted  to  shew  in  the  accompanymg  section,  but  am  not  inclined  to 
guarantee  its  accuracy  in  every  detail. 

The  apparent  conformity  between  the  nummulitic  limestone  and  the  quartzite 
may  have  been  superinduced  by  folding  subsequent  to  the  deposition  of  the  tertiap 
ries,  for  in  the  Indus  valley  the  nummuliferous  beds  occur  in  the  higher  zones  of 
the  series,  and  there  are  indications  of  an  overlap  on  the  southern  border  of  that 
area  (Mem.  G.  S.  of  I.,  Vol.  XXII,  pp.  107  and  no). 

It  is  thus  proved  beyond  doubt  that  in  middle  eocene  times  the  southern  shore 
line  of  the  tertiary  sea  (occupying  what  is  now  the  Indus  valley^  did  run  out  far  to 
the  south,  as  Mr.  Lydekker  supposes  may  have  been  the  case  {ibid,,  p.  120),  and 
included  the  Singhe  \L  How  much  further  to  the  south  this  sea  extended  there  is 
no  evidence  to  shew,  as  no  nummulites  have  yet  been  found  on  any  of  the  passes 
between  the  Singhe  Id  and  the  great  range  south  of  Zdnskdr ;  but  the  absence  of 
conglomerates,  such  as  are  found  in  the  Indus  valley  below  the  nummulitic  beds, 
beneath  the  limestones  of  peak  Z\  would  seem  to  shew  that  the  shore-line  was  at 
a  considerable  distance.  That  it  was  not  connected  in  this  direction  with  the  sea 
occupying  the  basin  of  the  outer  hills,  seems  fairly  certain,  for  in  the  lower  Chenab 
valley,  where  two  large  inliers  of  Zdnskdr  rocks  occur,  Murree  sandstones  are  found 
immediately  in  contact  with  the  mesozoics  of  the  upper  and  nearer  inlier,  while  in 
the  lower  and  more  distant  one  nummulitic  limestones  intervene,  thus  indicating  a 
shore-line  to  the  north  in  that  area  in  middle  eocene  times  (ibid,,  p.  92). 

This  confirmation  of  Dr.  Thomson's  discovery  affords  further  evidence  of  the 
enormous  earth  movements  that  have  taken  place  in  the  north-west  Himalayan  area 
since  early  tertiary  times,  whereby  marine  strata  have  been  elevated  more  than  18,500 
feet  above  the  present  sea-level.  As  far  as  I  am  aware,  this  is  the  greatest  altitude 
at  which  marine  fossils  have  hitherto  been  obtained  in  situ. 
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Notes  on  some  Mica-traps  from  Barakar  and  Raniganj,  by  PramaTHA 
Nath  Bose,  B.Sc.  (Lond.),  F.G.S.,  Deputy  Superintendent ^  Geological 
Survey  of  India. 

The  specimens  described  below  were  collected  during  a  short  excursion  ^ith  the 
Director  to  Barakar  and  Raniganj  towards  the  end  of  last  August.  The  time  at 
our  disposal  was  too  short  and  the  weather  too  unpropitious  for  a  systematic  study  of 
ihese  highly  interesting  rocks ;  and  my  only  reasons  for  publishing  the  following 
rough  notes,  based  on  three  specimens,  all  more  or  less  decomposed,  are  the  scant 
attention  which  their  petrography  has  received  hitherto,  and  the  possibility  of  its  not 
receiving  furdier  attention  at  least  in  the  immediate  future.  Dr.  Blanford  described 
them  twenty-eight  years  ago  in  the  following  terms  ^  :— 

"The  trap  forming  the  various  dykes  differs  greatly  in  mineral  character.  It  is 
generally  more  or  less  decomposed,  and  frequently  contains  a  whitish  micaceous 
mineral,  somewhat  resembling  margarodite  in  little  rounded  masses.  In  many 
cases  it  contains  black  mica." 

And  this  is,  I  believe,  the  only  description  we  have  of  the  rocks. 

The  mode  of  occurrence  of  the  mica  traps,  and  their  probable  age,  have  been 
discussed  by  Dr.  Blanford.'  They  occur  as  dykes  and  intrusive  sheets,  altering  the 
rocks  in  contact,  and  often  ramifying  through  the  coal.  The  action  of  contact 
metamorphism  on  the  coal  has  almost  invariably  resulted  in  the  production  of  a 
columnar  structure  in  it.  The  columns  are  usually  hexagonal,  and  invariably  per- 
pendicular to  the  direction  of  the  dykes  and  sheets.  Sometimes  they  radiate  from  a 
central  core  composed  of  the  intrusive  rock.  Some  beautiful  examples  of  the  radiating 
arrangement  were  seen  at  the  Laikdih  quarries  near  Barakar.  The  contact  coal  has 
been  hardened,  and  is  left  in  the  pits  and  quarries,  being  considered  worthless  as  fuel. 

The  following  assays  of  two  specimens  of  contact,  columnar  coal,  made  by 
Mr.  Hira  Lai  in  the  Survey  laboratory,  will  shew  their  composition. 

An  analysis  of  a  good  sample  of  the  normal  Barakar  coal  is  also  given  for  the 
sake  of  comparison. 


Mpisture 

Voli^tle  Matter  (exclusive  of  moisture)  • 

Fixed  Carbon 

Ash  «         •  •         .         . 


Colamnar  coal. 


Nonn:tl  eo«l. 


No.  I. 

3-38 
9*02 

6860 

1 9*00 


100*00 


No.  a. 

298 

762 

7800 

11*40 


1 0000 


2*48 
2872 
6020 

860 


100*00 


>  Mem.,  G.  S.  I.,  Vol.  Ill,  p.  142. 


'  Op.  cit,,  pp.  141,  &c. 
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The  contact  coal  bums  very  slowly.  It  is  not,  as  has  been  observed  above, 
raised  at  present. 

The  dykes  and  intrusive  sheets  are,  as  observed  by  Dr.  Blanford,  '^  almost  con- 
fined to  the  Lower  Damadas.  A  few  instances,  however,  occur  in  the  Raniganj 
Series."  The  specimens  from  the  Raniganj  mine  described  below  are  from  dykes 
which  have  intruded  through  the  latter. 

With  regard  to  the  geological  age.  Dr.  Blanford  saw  ''  good  reason  for  supposing 
that  these  intrusions  may  have  been  contemporaneous  with  the  great  volcanic  out- 
bursts, of  which  evidence  exists  in  the  Rajmahal  hills ;"  and  the  balance  of  proba- 
bilities appeared  to  him  to  be  in  favour  of  their  being  of  Rajmahal  (Upper  Gond- 
wana)  age.^ 

The  intrusions  from  which  the  following  specimens  were  obtained  are  all  very 
small,  not  exceeding  six  feet  across. 

As  far  as  I  am  aware.  Mica-traps  have  not  been  described  from  any  other  part  of 
India.  They  are  found  intrusive  in  the  older  Palaeozoic  rocks  in  England  (West- 
moreland and  Yorkshire),  in  the  Southern  Uplands  of  Scotland,  and  in  several 
localities  in  Ireland.  They  are  also  met  with  in  the  Channel  Islands,  Saxony,  the 
Vosges  Mountains,  Baden,  North- Western  and  West  Central  France,  and  in  the 
Pyrenees.* 

No.  tI^  (Laikdih  quarry,  near  Barakar),  sp.  gr.  277.  Grayish  rock  with  abond. 
ant  flakes  of  biotite  visible  macroscopically ;  effervesces  with  hydrochloric  acid. 
Fracture,  uneven. 

Under  the  microscope,  the  ground-mass  is  found  to  be  microcrystalline.  There 
are  abundant  rod-Iike,  translucent  microlites,  some  of  which  probably  belong  to 
plagioclase.  There  is  also  some  apatite.  Minute  specks  of  viridite  abound;  and 
some  cloudy  dark-brown,  opaque  specks  and  patches  (decomposed  mica  and 
ferrite),  and  a  little  magnetite  also  occur.  There  are,  besides,  irregular,  nebulous, 
finely  grenular,  greyish  patches  which  shew  strong  double  refraction,  observable 
with  the  analyser  alone.  Some  of  these  patches  occur  in  association  with  secondary 
quartz  presently  to  be  mentioned.  From  their  behaviour,  they  appear  to  me  to 
consist  of  calcareous  matter — the  result,  in  all  likelihood,  of  decomposition. 

There  are,  in  the  ground-mass,  polygonal  or  rounded  spaces,  in  which  shadowy 
outlines  are  discernible  in  transmitted  light ;  the  finely  granular  substance  just 
mentioned  bays  into  some :  and  magnetite  is  sometimes  found  enclosed.  With 
polarised  light  some  of  these  spaces  are  clearly  seen  to  be  filled  with  quartz  (second- 
ary), exhibiting  a  mosaic  play  of  colours,  and  others  with  a  zeolite  shewing  beautiful 
radiating  structure.  The  two  (quartz  and  zeolite)  are  in  some  cases  associated 
together. 

Some  of  the  biotite  crystals  are  large,  which  are  visible  macroscopically,  but  the 
majority  are  minute,  visible  only  under  the  microscope.  They  exhibit  strong 
dichroism.    The  larger  crystals  have  frayed  edges. 

There  is  no  well-developed  felspar,  nor  is  any  pyroxene  or  amphibole  visible. 

*  Op.  cit.,  pp.  144*145.  Colonel  McMahon,  from  a  lithological  study  of  the  Deccan  and 
the  Rajmahal  traps,  suggests  the  possibility  of  their  being  contemporaneous  (Rec,  G.  S.  I.,  Vol. 
XX,  p.  no). 

•  Bonney,  Q.  J.  G.  S.,  Vol.  XXXV,  p.  165. 
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If  the  felspar  microlites  mentioned  above  really  belong  to  plagioclase,  the  rock  may 
be  called  kersanton.  There  is  present  48-48  per  cent,  of  silica  according  to  an  ana- 
lysis made  by  Mr.  T.  R.  Blyth  in  the  Survey  laboratory. 

No.  ^j  (Raniganj  Mine).  Sp.  gr.  2*45.  Greyish-green  compact  rock ;  effer- 
vesces, but  very  slightly,  with  hydrochloric  acid.  No  crystals  are  visible  macro- 
scopically. 

Under  the  microscope  the  ground-mass  is  seen  to  be  microcrystalline.  Minute 
crystals  of  biotite  are  very  plentiful.  It  is  the  predominant  mineral,  as  in  the  last 
specimen.  There  are  some  lath-shaped,  badly-developed  crystals  of  plagioclase. 
They  occur  as  single  individuals,  and  exhibit  no  twinning.  A  few  crystals  of 
hornblende  occur,  which  shew  characteristic  cleavage,  and  marked  pleochroism 
with  polarised  light.  In  these  a  granular  or  fibrous  greenish  decomposition-product 
sometimes  appears.  It  is  probably  identical  with  a  similar  mineral  which  is  rather 
abundant  and  which  has,  as  a  rule,  a  rather  well-defined  contour.  If  so,  there  can  be 
no  doubt  that  this  mineral  is  the  result  of  decomposition  of  the  hornblende.  With  a 
single  Nicol,  the  mineral  in  question  shews  very  feeble  dichroism,  or  none  at  all ;  in 
all  probability  it  is  chlorite.  Greyish  cloudy  patches  similar  to  those  which  have 
been  described  as  occurring  in  the  last  specimen  occur,  but  are  not  so  abundant. 
Sometimes  they  shade  off  into  the  greenish  decomposition.product  just  mentioned 
There  is  a  little  magnetite.  The  percentage  of  silica  present  in  the  rock,  deter- 
mined by  Mr.  Blyth  in  the  Survey  laboratory,  is  51 '68. 

The  rock  may  be  called  kirsaniiie,  if  the  presence  of  hornblende  be  a  sufficient 
ch  racter  to  distinguish  it  from  the  last  specimen. 

No.  7I7  (Raniganj  Mine).  A  greyish-brown,  mottled,  vesicular  rock.  No 
crystals  are  visible  with  the  unassisted  eye. 

Under  the  microscope,  the  ground-mass  is  seen  to  be  microcrystalline.  It  is 
crowded  with  minute,  badly-developed  crystals  of  biotite.  There  are  some  long 
lath-shaped  crystals  of  plagioclase,  all  of  which  appear  to  occur  as  single  individuals, 
as  in  the  last  specimen.  Greenish  specks  and  patches  abound,  as  in  the  last 
specimen,  but  no  hornblende  is  observable.  There  is  a  little  magnetite  and  some 
secondary  quartz.  The  percentage  of  silica  present  in  the  rock,  determined  by  Mr. 
Bl}th  in  the  Survey  laboratory,  is  57*88. 


■ 


Becorcls,  Vol.  XXI. 


Survey  of  India  Olfioj 


'*^ 


PART  4.]  Additions  to  the  Musenm, 

ADDITIONS  TO  THE  MUSEUM. 

From  ist  July  to'3oth  September  1888. 

Ten  cut  and  polished  gems : — Yellow  topaz  and  tourmaline  from  Brazil ;  zircon  (hya-- 
cinth)  from  New  South  Wales;  white  topaz,  blue  spinel,  and  chrysoberyl,  from 
Ceylon ;  rubellite,  phenakite,  and  green  garnet,  from  Russia ;  and  peridot  from- 
Sicily.  From  James  R.  Gregory,  Mineralogist,  London,  by  exchange. 


ADDITIONS  TO  THE  LIBRARY. 

From  ist  July  to  30TH  September  1888. 
Titles  of  Books.  Donors^ 

Barpp,  Frederick, — On  silicates,  silicides,  glass,  and  glass  painting.    8°  Pam.  London, 

1872. 
M  Carbon  and  certain  compounds  of  carbon,  treated  principally  in  refer- 

ence to  heating  and  illuminating  purposes.    8"  Pam.  London,  1874. 
Barrandb,  yoachitn.'^Syst^mt  Silurien  du  centre  de  la  Boheme.     i'*  partie  :  Recher- 

ches  Paldontolog^ques,  continuation  6ditde  par  le  Musde  Boheme. 
VoL  VII.  Ouvrage  posthume  de  feu  J.  Barrande  publi6  par  le  Doct« 
W.  Waagen.    4®  Prague,  1887.  Dr.  W.  Waaobn. 

BoLAS,  Thomas, — Cantor  lectures  on  some  of  the  industrial  uses  of  the  Calcium  Com- 
pounds.   8^  Pam.  London,  1882. 
Bronn's  KJassen  und  Ordnungen  des  Thier-Reichs.    Band  I,  Protozoa,  lief.  47-49; 

Band  V,  Abth.  II,  lief.  18-19 ;  Band  VI,  Abth.  IV,  lief.  18-20,  &  Abth. 
V,  lief.  30-31.     8"  Leipzig,  1888. 
Brouoh,  Bennett  H, — A  treatise  on  Mine-Surveying.    8°  London,  1888. 
Choppat,  Paul. — Dr.  Welwitsch  :  Quelques  notes  sur  la  g^ologie  d*  Angola  coordonndes 

et  annot6es.    8''  Pam.  Lisbonne,  1888. 

Geological  Commission,  Portugal. 
Davies,  Z>.  C— a    treatise  on  metalliferous  minerals  and  mining.   4th  edition.    8* 

London,  1888. 
Dawson,  Sir  J,  William.— The  geological  history  of  Plants.    8°  London,  1888. 
Dixon,  Harold, — Cantor  lectures  on  the  use  of  Coal  Gas.     8*  Pam.  London,  1885. 
Evans,  Alfred  John,  and  Grenville,  Albert.— l^oies  on  the  chemistry  of   building 

materials  :  for  students  of  construction.    8"  Pam.  London,  1887. 
Hartley,  W.  N, — A  course  of  quantitative  analysis  for  students.    8**  London,  1887, 
H6PER,  Hans. — Das  Erdol  (Petroleum)  und  seine  Verwandten.    8**  Braunschweig,  1888. 

The  Author. 
Jones,  Robert  H, — Asbestos,  its  production  and  use  :  with  some  account  of  the  as- 
bestos mines  of  Canada.    8^  London,  1888. 
Marcou,  Jules.— The  Taconic  of  Georgia  and  the  report  on  the  geology  of  Vermont. 

4'  Pam.  Boston,  1887.  The  Author. 

American  geological  classification  and  nomenclature.    8°  Pam.  Cam- 
bridge, Mass,  1888.  The  Author* 
Sur  les  cartes  g^ologiques  d  V  occasion  du  "Mapoteca  Geologica 
Americana."    8*  Pam.  Besan9on,  1888.  The  Author. 
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Titles  cf  Books,  Donors* 

MooRjB,  Frederic, — Descriptions  of  new  Indian  Lepidopterous  Insects  from  the  collection 

of  the  late  Mr.  W.  S,  Atkinson.  Part  HI  (coloured).    4"*  Calcutta,  1888. 

Asiatic  Society  op  Bengal. 

MoRLBY,  II.  Forster  and  Moir,  Af.  M.  Pattison.'^V/aXVs  Dictionary  of  CKemistry, 

revised  and  entirely  re- written.  Vol.  I.    8"  London,  1888. 

Murray,  James  A.  H, — A  new  English  Dictionary  on  historical  principles.    Part  IV« 

Sect.  1-2.    4''  Oxford,  1888. 

Pal6>ntologie  Fran9aise.   i"  s^rie,  Animaux  Inv6rt6br^s,  l^oc^ne  ^hinides,  livr.  14;  and 

2"*  s^rie,  V^gdtaux,  6ph6dr6es,  livr.  39.    8®  Paris,  1888. 

Penck,  Albrecht.—D\t  Bildung  der  Durchbruch thaler.    8°  Pam.  Wien,  1888. 

The  Author. 

Petrik,  Ludvnt^, — Ueber  Ungarische  Porcellanerden,  mit  besonderer  Berucksichtigung 

der  Rhyolith-kaoline.    8"  Pam.  Budapest,  1887. 

Hungarian  Geological  Society 

_  • 

Quenstedt,  F.  a, — Die  Ammoniten  des  Schwabischen  Jura.  Heft  18-19,  with  4°  plates. 

8'  and  4*  Stuttgart,  1888. 
Redwood,  Boverton, — Cantor  lectures  on  Petroleum    and    its    products.     8*    Pam. 

London,  1886. 
Roberts,  W.  Chandler. — Cantor   lectures   on    Alloys   used    for    coinage.     8*    Pam. 

London,  1884. 
Rutimbyer,  L, — Ueber  einige  Beziehnngen  Zwischen  den  Saug^hierstammen  alter  und 

neuer  welt.  Erster  nachtrag  zu  der  Eocanen  Fauna  von  Egerkingen. 

4*  Zurich,  1888.  The  Author. 

Tryon,  George  W. — Manual  of  Conchology.  Vol.  X,  pt.  1,  and  2nd  series.  Vol.  IV,  pt.  i. 

8'  Philadelphia,  1887. 

White,  Charles  A. — Contributions  to  the  Paleontology  of  Brazil,  comprising  descrip* 

tions  of  cretaceous  invertebrate  fossils,  mainly  from  the  provinces  of 
Sergipe,  Pernambuco,  Para  and  Bahia.    4^  Rio  de  Janeiro,  1887. 

The  Smithsonian  Institute. 

Williams,  W.  Mattieu.— Iron  and  Steel  manufacture.    8**  Pam.  London,  1876. 
Zittel,  Karl.  A. — Handbuch  der  Palaeontologie.    Band  II,  Abth.  II,  lief.  6;  and  Band 

III,  Abth.  I,  lief.  2.    8°  Munchen,  1888. 


PERIODICALS,  SERIALS,  &c 

American  Journal  of  Science.    3rd  series,  Vol.  XXXV,  No.  210  to  XXXVI,  No.   212. 

8°  New  Haven,  1888.  The  Editors. 

American  Naturalist.     Vol.  XXII,  No.  257.    8°  Philadelphia,  1888. 

Annalen  der  Physik  und  Chemie.     Neue  Folge,  Band  XXXIV,  heft  3  to  XXXV,  heft 

I.     8**  Leipzig,  1888. 
Annals  and  Magazine  of  Natural  History.    6th  series.  Vol.  II,  Nos.  7-9.    8"  London, 

1888. 
Archiv  fur  Naturgeschichte.     Jahrg.  LI II,  Band  I,  heft  3.     8°  Berlin,  1887. 
Athenaeum.     Nos.  3164-31 76.    4**  London,  1888. 
Beiblatter  zu  den  Annalen  der  Physik  und  Chemie.     Band  XII,  Nos.  6-8.    8"  Leipzig, 

1888. 
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Chemical  News.    Vol.  LVII,  No.  1490  to  LVIII,  No.  1502.    4**  London,  1888. 
Colliery  Guardian.    Vol.  LV,  No.  1433  to  LVI,  No.  1445.    Fol.  London,  1888. 
Geological  Magazine.     New  series,  Decade  III,  Vol,  V,  Nos.  7-9.     8**  London,  1888. 
Indian  Engineering.    Vol.  IV,  Nos.  2-13.     Flsc.  Calcutta,  1888.  P.  Dotlb. 

Iron.     Vol.  XXXI,  No.  805  to  XXXII,  No.  817.     Fol.  London,  1888. 
Journal  de  Conchyliologie.  3"*  s^rie.  Tome  XXVIII,  No.  2.    8°  Paris,  1888. 
London,  Edinburgh  and  Dublin  Philosophical  Magazine  and  Journal  of  Science.    5th 

series.  Vol.  XXVI,  Nos.  158-160.    8**  London,  1888. 
Mining  Journal.    Vol.  LVIII,  Nos.  2755-2767.     Fol.  London,  1888. 
Naturae  Novitates.     Jahrg.  X,  Nos.  12-17.    8®  Beriin,  1888. 
Nature.     Vol.  XXXVIII,  Nos.  972-984.    4°  London,  1888. 
Neues  Jahrbuch  fiir  Mineralogie,  Geologie  und  Palaeontologie.    Jahrg.  1888,  Band  II, 

heft  i-i.    8*  Stuttgart,  1888. 
Palaeontographica,    Band  XXXIV,  lief.  5-6.    4°  Stuttgart,  1888. 
Palaeontologische  Abhandlungen.    Band  IV,  heft  2.    4**  Beriin,  1888. 
Petermann's  Geographische  Mittheilungen.    Band  XXXIV,  Nos.  7-9.    4**  Gotha,  1888. 

The  Editor. 
,»  n  ,»  Supplement,  No.  90.    4^  Gotha,  1888., 

The  Editor. 
Quarterly  Journal  of  Microscopical  Science.    New  series.  Vol.  XXIX,  No.  i.    8° 

London,  1888. 
The  Indian  Engineer.    New  series.  Vol.  V,  Nos.  12-23.    4*  Calcutta,  i888. 

Newman  &  Co. 


GOVERfJMENT  SELECTIONS,  REPORTS,  &c. 

Bengal.— Quarterly  Bengal  Army  List.    New  series.  No.  105.    8'  Calcutta,  1888. 

Government  op  India. 
Bombay. — Selections  from  the  records  of   the  Bombay  Government.     New    series, 

Nos.  216-220.    Flsc,  Bombay,  1888.  Bombay  Government. 

Burma. — Preliminary  report  on  the  administration  of  Upper  Burma  in  1887-88.    Flsc, 

Rangoon,  1888.  Ch.  Commissioner,  Burma. 

„        Twenty-first  annual  report  on  the  Light-houses  oif  the  coast  of  Burma  for 
1887-88.    Flsc,  Rangoon,  1888.  Ch.  Commissioner,  Burma. 

India. — Government  of  India.    Civil  Budget  Estimate  for  the  year  1888-89.    Flsc, 

Calcutta,  1888.  Government  op  Ikdu. 

„       Indian  Meteorological  Memoirs.    Vol.  Ill,  pts.  3-4.    4^  Calcutta,  1888. 

Meteorological  Reporter  to  Government  of  India. 

99       Registers  of  original  observations  in  1888,  reduced  and  corrected.    January  to 

April  1888.    4°  Calcutta,  1888. 

Meteorological  Reporter  to  Government  op  India. 

„        List  of  officers  in  the  Survey  Departments,  corrected  to  ist  July  1888.    8* 

Calcutta,  1888.  Revenue  and  Agricultural  Department. 

The  India  Office  List  for  1887.    8°  London,  1887. 

Revenue  and  Agricultural  Department* 
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Records  of  the  Ceoiogical  Survey  of  India,  [VOL.  xxi. 

Utiles  qf  Books,  Donors^ 

Madras. — Annual  administration  reports  of  the  Forest  Department  (Southern    and 

Northern  Circles),  Madras  Presidency,  for  the  year  1886-87.    Flsc, 
Madras,  1888.  Forest  Department,  Madras. 

Punjab.— Gazetteer  of  the  Ludhidna  district,  1888-9.    8^  Calcutta.  1888. 

Punjab  Government. 

„  Gazetteer  of  the  Simla  district,  1888-9.    d"*  Calcutta,  1888. 

Punjab  Government. 


TRANSACTIONS,  PROCEEDINGS,  &c.,  OF  SOCIETIES,  SURVEYS,  Ac. 

Batavia. — Notulen  van  het  Bataviaasch  Genootschap  van  Kunsten  en  Wetenschappen. 

Deel  XXVI,  afl.  i  and  2.    8''  Batavia,  1888.  The  Society. 

„  Tijdschrift  voor  indische  Taal-Land-en  Volkenkunde.    Deel  XXXII,  afl.  4« 

8^  Batavia,  1888.  The  Society. 

M  Verhandlungen  van  het  Bataviaasch  Genootschap  van  kunsten  en  Wetens- 

chappen.   Deel  XLV,  afl.  2.    8^  Batavia,  1888.  The  Society. 

Berlin. — Zeitschrift  der  Deutschen  Geologischen  Gesellschaft.      Band  XL,  heft   i. 

8^  Berlin,  1888.  German  Geol.  Society. 

Bombay. — Journal  of  the  Bombay  Natural  History  Society.  Vol.  Ill,  No.  3.  8*  Bom- 
bay, 1888.  The  Society. 

Boston. — Memoirs  of  the  Boston  Society  of  Natural  History.  Vol  IV,  Nos.  1-4.    4* 

Boston,  1 886-1 888.  The  Society. 

Breslau.— •  Funfundsechzigster  Jahres-Bericht  der  Schlesischen  Gesellschaft  fur  vater- 

landische  cultur.    8^  Breslau,  1888.  The  Society. 

Brisbane. — ^^Proceedings  and  Transactions  of  the  Queensland  Branch  of  the  Royal 

Geographical   Society  of  Australasia.    Vol.  Ill,  pt.  i.    &^  Brisbane, 
1888.  The  Society. 

Bristol.— Proceedings  of  the  Bristol  Naturalists'  Society.     New  series.  Vol.  V,  pt.  3° 

With  list  of  members.    8**  Bristol,  1888.  The  Society. 

Brussels. — Bulletin  de  la  Soci^te  Royale  Beige  de  G^ographie.    Ann^e  XII,  No.  2.  8° 

Bruxelles,  1888.  The  Society. 

„  Proc^s-verbal  de  la  Socidtd  Royale  Malacologique  de  Belgique.    pp.  Ixxxi- 

cxliv.    8°  Bruxelles,  1887.  The  Society. 

Bucarbst. — Anuarulu  Biuroului  Geologicu  Anul  1882-1883.  No.  3,  and  Anul  V,  No.   i. 

8°  Bucuresci,  1888.  Geol.  Bureau,  Bucarest. 

Budapest.— Foldtani  Kozlony.     Kotet  XVII,  fuzet  7-12.    8**  Budapest,  1887. 

Hungarian  Geol.  Society. 
Buenos  Aires.— Boletin  de  la  Academia  Nacional  de  Ciencias  en  Cordoba.    Tomo  X, 

No.  2.    8°  Buenos  Aires,  1887.  The  Academy. 

Calcutta. — Journal  of  the  Asiatic  Society  of  Bengal.     New  series.  Vol.  LVII,  pt.  i. 

No.  I,  and  pt.  11,  No.  2.    8°  Calcutta,  1888.  The  Society. 

„  Proceedings  of    the   Asiatic  Society  of  Bengal.     Nos.  IV  to  VIII.    8. 

Calcutta,  1888.  The  Society. 

„  Records  of  the  Geological  Survey  of  India.    Vol.  XXI,  pt.  3.    8°  Calcutta. 

1888.  Geological  Survey  op  India. 
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Caicutta. — Report  of  the  iith  annual  meeting  of   the  Indian  Association  for  the 

cultivation  of  science,  held  April  1888.    8^  Calcutta,  1888. 

The  Association. 

Xjreneral  report  on  the  operations   of  the  Survey  of  India  department 
during  1886-87.    Flsc,  Calcutta,  1888.  Survey  of  India  Dbpt. 

Survey  of  India  department.   Notes  for  May  to  July  1888.  Flsc.    Calcutta, 
i888.  Survey  of  India  Deft. 

Cambridge,  Mass. — Bulletin  of  the  Museum  of  Comparative  Zoology.    Vol.  XI II,  Nos. 

9-10,  and  XVII,  No.  i.    8°  Cambridge,  Mass ,  1888. 

The  Museum. 

^  Memoirs  of  the    Museum  of  Comparative  Zoology.      Vol.    XV. 

4*'  Cambridge,  Mass,  1887.  The  Museum. 

Cincinnati. — Journal  of  the  Cincinnati  Society  of  Natural  History.     Vol.  XI,  No.  i. 

8°  Cincinnati,  1888.  The  Society. 

Copenhagen. — M^moires  de  I'Acaddmie  Royale  de  Copenhague.    6"'  s^rie.  Vol.  IV, 

Nos.  6-7.    4®  Copenhagen,  1887-1888.  The  Academy. 

„  Oversight  over  det  Kongelige  Danske  Videnskabernes  Selskabs.  Na  3 

1887,  and  No.  1 1888.    8°  Copenhagen,  1887-1888.    The  Academy. 

33bhra  Dun. — Trigonometrical    Branch,    Survey    of    India.     Spirit-levelled    heights. 

No.  3,  Madras  Presidency.    Season  1886-87.    8°  Dehra  Dun,  1888. 

The  Survey. 

^Dresden. — Sitzungsberichte  und  Abhandhmgen  der  Naturwissenschafltichen  Gesells- 

chaft   Isis  in    Dresden.    Jahrg.  1888,  January  to  June.    8°  Dresden, 
1888.  The  Society. 

•Dublin.— Report  ot  the  Director  of  the  Science  and  Art  Museum,  Dublin,  for  1887. 

8°  Dublin,  1888.  The  Museum. 

Scientific  Proceedings  of  the  Royal  Dublin  Society.  New  series.  Vol.  V, 
pts.  7-3  and  Vol.  VI,  pts.  1-2.    8*^  Dublin,  1887-1888.    The  Society. 

Scientific  Transactions  of  the  Royal  Dublin  Society.  2nd  series,  Vol.  Ill,  pt. 
14,  and  IV,  pt.  I.    4**  Dublin,  1887-1888.  Tub  Society. 

Edinburgh.— Scottish   Geographical   Magazine.    Vol.  IV,  Nos.  7-9.    8°  Edinburgh, 

•  1888.  The  Society. 

Ceneva. — M^moires  de  la  Soci^t^  de  Physique  et  d*  Histoire  Naturelle.    Tome  XXIX, 

pt.  2.    4*^  Geneve,  1886-1887.  The  Society. 

Konigsberg.— Schriften  der  Physikalisch-Okonomischen  Gesellschaft  zu  Kdnigsberg. 

Jahrg.  XXVIII,  1887.    4°  Konigsberg,  1888. 

Physikalisch-Okonomisch  Gesells  craft* 

Lausanne.— Bulletin  de  la  Soci6t6  Vaudoise  des  Sciences  Naturelles.    3"'  s^rie,  Vol. 

XXIII,  No.  97.    8°  Lausanne,  1888.  The  Society. 

Leide* — Annates  de  1*  £cole  Polytechnique  de  Delft*    Tome  IV,  livr.   1-2.    4®  Leide, 

1888.  L'^coLE  Polytechniqub. 

Leiden. — Sammlungen  des  Geologischen  Reichs- Museums  in  Leiden.    No.  i6.     8^ 

Leiden,  1888. 

Leipzig.— Mittheilungen  des  vereins  fur  Erdkunde  zu  Leipzig.  1887.    8*  Leipzig,  1888. 

The  Society. 
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Titles  of  Boohs,  Donors. 

Lisbon.— Commission  des  travanx  g^logpques  du  Portugal.     Description  de  la  Faune 

Jurassique   du    Portugal.      Mollusques    Lamellibranches    par  Paul 
Choifat.     Livr.  2.     4**  Lisbonne,  1888. 

Geological  Commission,  Portugal, 
London.— British  Museum.    Catalogue  of  Printed  Books.    Academies.    Parts  1-5,  with 

index.    4*  London,  1 885-1 886. 
Journal  of  the  Society  of  Arts.     Vol.  XXXVI,  Nos.  1850  and   1856-1868.     S* 
London,  1888.  The  Society. 

Mineralogical  Magazine  and  Journal  of  the  Mineralogical  Society.     Vol. 
VIII,  No.  36.    8°  London,  1888. 
„  Proceedings  of  the  Royal  Geographical  Society.    New  series.  Vol.  X,  Nos.  6-7. 

8*  London,  1888.  The  Society. 

„  Proceedings  of  the  Royal  Society  of  London.    Vol.  XLIII,  Nos.  264-266,  and 

Vol.  XLIV,  Nos.  268-269.    8**  London,  1888.  The  Society. 

„  Proceedings  of  the  Zoological  Society  of  London.  Part  I.    8'  London,  1888. 

The  Society. 

^  Quarterly  Journal  of  the  Geological  Society  of  London.  Vol.  XLIV,  No.  174. 

8"  London,  1888.  The  Society. 

„  Report  of  the  British  Association  for  the  Advancement  of  Science,  held  at 

Manchester  in  August  and  September  1887.    8°  London,  1888. 

Madrid. — Boletin  de  la  Sodedad  Geografica  de  Madrid.    Tomo  XXIV,  Nos.  4-6.    8* 

Madrid,  1888.  The  Society. 

Manchester.— Transactions  of  the  Manchester  Geological  Society.    Vol.  XIX,  pt.  20. 

8°  Manchester,  1888.  The  Society. 

Melbourne. — Reports  of  the  Mining  Registrars  for  the  quarter  ending  31st  March  1888. 

FlsCy    Melbourne,  1888.  Dept.  op  Mines,  Victoria. 

MiLANO.— Atti  della  Societa  Italiana  di  Scienze  Naturali,    Vol.  XXVIII,  Fasc.  1-4.     8** 

Milano,  i88')-i886.  The  Society. 

Montreal.— Geological  and  Natural   History   Survey  of  Canada.      Annual  report. 

New  series.  Vol.  II,  1886.     With  maps.    8°  Montreal,  1887. 

The  Survey. 

Moscow. — Bulletin  de  la  S.cidt^  Impdriale  des  Naturalistes.    No.  2.    8**  Moscou,  1888. 

The  Society. 
New  York. — Annals  of  the  New  York  Academy  of  Sciences,  late  Lyceum  of  Natural 

History.  Vol.  IV,  Nos.  3-4.     S**  New  York,  1888.  The  Academy. 

„  Transactions  of  the  New  York  Academy  of  Sciences.    Vols.  VI  and  VII, 

Nos.  1-2.    8**  New  York,  1886-1888.  The  Academy. 

p^j^js, Annales  des  Mines.     8""*  s^rie.  Tome  XII,  livr.  6,  and  XIII,  livr.   i.     8**  Paris, 

1887-1888.  Department  of  Mines,  Paris. 

Bulletin  de  la  Socidte  de  G6og^aphie.    7""s^rie,  Tome  IX,  Nos.  1-2.    8°  Paris, 
1888.  The  Society. 

Compte  Rendu  des  Stances  de  la  Soci^td  de  Gdographie.     Nos.  12-13.     8* 
Paris,  1888.  The  Society. 

Bulletin  de  la  Soci^t^   G^ologique  de  France.      3"*  s^rie,  Tome  XVI,   Nos. 
3-4.     8°  Paris,  1888.  The  Society. 

pgg.j.^ Die  KoUektiv-Ausstellung  Ungarischer  Kohlen  auf  der  Wiener  Weltausstellung 

1873.    8'  Pest,  1873.  Hungarian  Geological  Society. 
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Philadelphia.— Journal  of  the  Franklin  Institute.    3rd  series.    Vol.  XCV,  Na  6,  and 

Vol.  XCVI,  Nos.  1-2.    8*  Philadelphia,  1888.  Thb  Institute. 

„  Proceedings  of  the  Academy  of  Natural  Sciences,    Pt.  I.    8*  Phila- 

delphia, 1888.  The  Academy. 

Rome.— Atti  della  Reale  Accademia  dei    Lincei.    Serie  IV,  Rendiconti,    Vol.  IV, 

Semestre  I,  Fasc.  5-10.    8**  Roma,  1888.  The  Academy. 

Salem. — Bulletin  of  the  Essex  Institute.    Vol.  XIX,  No&  4-12.    8*  Salem,  1887. 

The  Institute. 
San  Francisco.-* Bulletin  of  the  California  Academy  of  Sciences.    Vol.   II,  No.  8. 

8°  San  Francisco,  1887.  '  The  Academy. 

„  Memoirs  of  the  California  Academy  of  Sciences.    Vol  II,  No.  i.    4° 

San  Francisco,  1888.  The  Academy. 

Shanghai.— journal  of  the  China  Branch  of  the   Royal  Asiatic  Society.    New   scries. 

Vol.  XXII,  No.  5.    8'  Shanghai,  1888.  The  Society. 

St.  Petersburg.— Bulletins  du  Comitd  G6ologique.    Vol.  VI,  Nos.  11-12;   VII,  Nos. 

1-5;  and  Supplement  to  Vol.  VII.    8**  St.  Petersburg,  1887-1888. 

The  Commission. 
„  M^moires  du  Comitd  G^ologique.    Vol.  V,  Nos.  a.4;  VI,  Nos.  1-2  • 

and  VII,  Nos.  1-2.    4°  St.  Petersburg,  1888. 

The  Commission. 
Sydney. — Proceedings  of  the  Linnean  Society  of  New  South  Wales.    2nd  series.  Vol. 

Ill,  pt.  I.    8°  Sydney,  1888.  The  Society. 

„  Report  of  the  committee  of  management  of  the  Technological,   Industrial 

and  Sanitary  Museum  for  1887.    Flsc,  Sydney,  1888. 

The  Museum. 
Toronto. — Annual  report  of  the  Canadian   Institute,  session  1886-87.    8*  Toronto 

1888.  The  Institute. 

„  Proceedings  of  the  Canadian   Institute.    3rd  series.  Vol.  V,   No.  2.    8* 

Toronto,  1888.  The  Institute. 

Turin.— Atti  della  R.  Accademia  delle  Scienze  di  Torino.     Vol.  XXIII,  disp.  6-8  and 

11-12.    8"  Torino,  1887-1888.  The  Academy. 

„        Memorie  della  Reale  Accademia  delle  Scienze  di  Torino.    Serie  II,  Tomo 

XXXVIIl.    4*  Torino.  1888.  The  Academy. 

Vienna.— Abhandlungen  der  Kais.   Konig.   Geologischen   Reichsanstalt.      Band  XI, 

Abth.  2.    4*  Wien,  1887.  The  Institute! 

„         Jahrbuch  dcr  Kais.  Konig.  Geologischen  Reichsanstalt.     Band  XXXVII,  heft 

2.    8°  Wien,  1888.  The  Institute. 

Verhandlungen  der   Kais.   Konig.  Geologischen  Reichsanstalt.     Nos.   8-1 1. 

8*  Wien,  1 888.  The  I  nstitutb! 

Annalen  des  Kais.  Konig.  Naturhistorischen  Hofmuseums.     Band  III,  No.  2- 

8*  Wien,  1888.  The  Museum." 

Washington.— Smithsonian  Miscellaneous  Collections.    Vol  XXXI,    8®  Washington, 

1888.  The  Smithsonian  Institute. 

Yokohama.— Mittheilungen  der  Deutschen   Gesellschaft  fiir  Natur-und  Volkerkunde 

Ostasiens  in  Tokia     Heft  40.    8^  Yokohama,  1888.      The  Society. 

October  8th,  1888. 
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